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ABNORMAL IMMUNOLOGICAL REACTIONS IN 
DISSEMINATED SCLEROSIS* 
A Preliminary Report 
BY 
HONOR V. SMITH, M. L. E. ESPIR, C. W. M. WHITTY, and W. RITCHIE RUSSELL 
From the Department of Neurology, United Oxford Hospitals, and Stoke Mandeville Hospital, Aylesbury 


It is now established that the injection of tuber- 
culin into the cerebrospinal fluid (C.S.F.) of a 
sensitized subject evokes a wave of inflammation 
involving the leptomeninges and, to some extent, 
S the vessels of the brain and spinal cord. The 
properties of this reaction have been studied in both 
' man (Smith and Vollum, 1950; Swithinbank, 
» Smith, and Vollum, 1953) and animals (Bosanquet, 
» Daniel, and Vollum, 1953; Taylor and Hunter, in 
the press). It is undoubtedly a true antibody-antigen 
| response; it exerts a profound effect on the per- 
' meability of the blood-C.S.F. barrier (Smith, Taylor, 
and Hunter, 1955); and it has proved a useful 
) adjuvant in the treatment of tuberculous meningitis 
(Smith, Vollum, Taylor, and Taylor, 1956). 

About two years ago it was suggested to us by 
Dr. R. B. Bourdillon that these reactions might be 
beneficial in disseminated sclerosis, and accordingly 
in April, 1955, we began to study the effects of 
intrathecal tuberculin in this disease. Almost at 
once it became apparent that the local response, as 
judged by the changes in the C.S.F., were very 
different from anything we had been accustomed to 
see in either man or animals. Further experience 
showed that this departure from the normal pattern 
and relationships of the intrathecal tuberculin 
reaction was sufficiently constant to suggest a funda- 
mental disturbance of certain immunological 
mechanisms. In this paper the peculiar reactions 
| seen in disseminated sclerosis are described and 
contrasted with those obtained in a group of 
psychotic patients in whom the meninges were 
otherwise normal. 


Case Material and Methods 
The patients with disseminated sclerosis were selected 
from among those attending the Department of Neuro- 
logy of the United Oxford Hospitals. A full explanation 
was given of the different factors involved, and velunteers 
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*Based on a communication given to the Association of British 
Neurologists, November, 1956 


were obtained without difficulty. Most of the patients 
had been under observation for months or years, and all 
had been carefully investigated, while in every case the 
histories and findings were sufficiently typical to put the 
diagnosis beyond all reasonable doubt. 

Serial Mantoux tests were done in the usual way with 
old tuberculin, diluted to 1 in 10,000, 1 in 1,000, and 
1 in 100. The 1 in 10 dilution was not used because of the 
high incidence of non-specific reactions obtained with 
this solution. The tests were read at 48 hours and only 
recorded as positive if there was an area of palpable 
induration of from 5 to 10 mm. in diameter or more. 

The purified protein derivative (P.P.D.) of tuberculin 
was used for the intrathecal injections. This was obtained 
from the Ministry of Agriculture and Fisheries Veterinary 
Laboratory, Weybridge, through the courtesy of Dr. 
Green. The same solutions were used as in the treatment 
of tuberculous meningitis (Smith et a/., 1956); that is to 
say, the original preparation was diluted to one part in 
200 to make a solution containing 7:5 ug per ml. This 
we have arbitrarily called the “ standard ”’ solution. The 
standard solution was then further diluted to 1 in 10 
and 1 in 100. The 1 in 1,000 dilution was not used. As 
with all intrathecal solutions, the strictest sterility is 
obligatory. 

The P.P.D. solutions were injected by lumbar puncture 
and immediately before the injection a sample of C.S.F. 
was withdrawn for analysis. Twenty-four hours later the 
puncture was repeated and the C.S.F. examined then and 
as often during the following fortnight as circumstances 
permitted. Total and differential cell counts were done, 
the protein was estimated, and in several cases the Lange 
curve was also studied. 

In many cases the distribution of bromide between 
blood and C.S.F. was determined throughout the reaction. 
For this purpose 1 g. sodium bromide was given by 
mouth at least 48 hours before the P.P.D. was injected, 
and at each lumbar puncture from 2 to 5 ml. of C.S.F. 
and of venous blood was collected in dry, chemically 
clean test tubes. The bromide in both C.S.F. and serum 
was estimated by a micro-method (Hunter, 1955) and 
the results expressed as the ratio between the C.S.F. 
bromide and serum bromide. The upper limit of normal 
for this ratio for lumbar C.S.F. is 0-5. (In our earlier 
published work on the blood-C.S.F. barrier the results 
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are expressed as the reciprocal of this ratio, namely, 
serum bromide/C.S.F. bromide.) 

The patients were examined at frequent intervals, and 
a four-hourly record was kept of the temperature, pulse, 
and respiration. 


Findings in Psychotic Patients 

The psychotic patients treated with intrathecal 
tuberculin were of different ages and both sexes, 
while the aetiology of the mental disorder was very 
varied, ranging from mental deficiency on the one 
hand to advanced schizophrenia on the other. In 
some, too, cingulectomy or leucotomy had been 
performed. In all cases the C.S.F. at the first 
examination was normal by the strictest standards, 
while in none was there any evidence of progressive 
organic disease of the nervous system. We therefore 
consider that our findings in these cases represent 
the normal response to intrathecal tuberculin, the 
more so as they were remarkably consistent. They 
have been fully described elsewhere (Swithinbank 
et al., loc. cit.) but certain salient features are briefly 
recapitulated here in order to aid comparison with 
the findings in disseminated sclerosis. 

In the first place, there was an obvious correlation 
between the intensity of the intradermal tuberculin 
reaction and that of the intrathecal response. When 
the Mantoux test was negative to O.T. 1 in 100 or 
more, no reaction was obtained, even when large 
amounts of P.P.D. were injected (Smith and 
Vollum, 1950, Fig. 6; Swithinbank ef al., 1953, 
Fig. 8). On the other hand, when the Mantoux test 
was positive to O.T. 1 in 1,000 or less, the intrathecal 
injection of 3-75 ug. of P.P.D. never failed to pro- 
voke a well-marked diphasic reaction (Swithinbank 
et al., loc. cit., Table I). Occasionally, however, an 
unexpected intrathecal reaction was obtained in 
patients in whom the Mantoux test was by definition 
negative, but further observation showed that almost 
certainly these patients had at one time been sensi- 
tized to tuberculin. A typical example is the first 
reaction (Sch 1) shown in Fig. 4. Twenty-four hours 
after the injection the C.S.F. invariably contained 
many hundreds or, much more commonly, thousands 
of cells of which the great majority were polymor- 
phonuclear leucocytes. The polymorphonuclears 
then disappeared almost as rapidly as they came, 
causing the total cell counts to fall sharply over the 
next two to four days. Thereafter the total count 
again rose, to reach a maximum some time between 
the fourth and eighth days, and this time the cells 
were virtually all lymphocytes. The concomitant 
rise in protein, though perfectly obvious, was more 
variable in degree and often less conspicuous than 
the pleocytosis. During the first phase of the 
reaction the protein content ranged from 90 to 


600 mg. per 100 ml., and during the second phase 
it was invariably lower than it was during the first, 
Some idea of the typical relationships can be gained 








from the mean values for 13 such reactions set out 


at the bottom of the Table. 


The first phase was 


typically accompanied by a short-lived clinical 
disturbance consisting of fever and meningism, 
Nothing more than this was ever seen, and in every 
case the patient appeared as well as ever 48 hours 


after the injection. 


During the first 24 hours of the reaction the 
permeability of the blood-C.S.F. barrier to bromide 


increased abruptly, as shown by 
the sharp rise in the ratio between 
the bromide content of the C.S.F. 
and of the serum. This rise per- 
sisted, to reach a maximum coin- 
ciding with the second, or lym- 
phocytic, phase of the reaction, 
and thereafter declined, though it 
was often many weeks before it 
returned to within the limits of 
normal (Smith et al., 1955, Table I 
and Fig. 1). 

When, however, the Mantoux 
test was only positive to O.T. 1 in 
100, then the intrathecal reaction 
was distorted, in that the second, 
lymphocytic, phase was usually 
lost, while the rise in protein was 
inconspicuous (Fig. 1 and Swithin- 
bank et al., loc. cit., Fig. 11). The 
bromide ratio was less affected 
and returned more rapidly to 
normal (Smith ef al., 1955, 
Table III). The typical relation- 
ships in these weakly sensitized 
subjects are indicated by the mean 
values for six such reactions set 
out at the bottom of the Table. 

Provided the recipient was sen- 
sitized to tuberculin, the intensity 
of the reaction also varied with 
the amount of P.P.D. given. Ac- 
cordingly, in most of these obser- 
vations the dose was kept constant 


Fic. 1.—The total cell count and protein 
content of the C.S.F. during the 10 days 
following the introduction of the stan- 
dard intrathecal dose of P.P.D. (3-75 ug) 
in a control case, in which the Mantoux 
test was only positive to O.T. 1/100. 
Note the conspicuous rise in cell count 
24 hours after the injection which over- 


shadows the increase in protein 
content, and the absence of the 
second, or lymphocytic, phase of 
the reaction. 
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IMMUNOLOGICAL REACTIONS IN DISSEMINATED SCLEROSIS 


TABLE 
CHANGES IN C.S.F. AFTER INJECTION OF DIFFERENT AMOUNTS OF P.P.D. IN CASES OF DISSEMINATED SCLEROSIS 





24 Hours after Injection 


Maximal Rise 3-8 Days after Injection 


' 
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Polymorpho- 
nuclears 
(c.mm.) 


Age .P.D. 
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Serum 
Bromide 
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Group B: Mantoux Test Positive O.T. 
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Mean Values ‘in Psychotics Mantoux Positive O. T. 1/100 or Less 
6 reactions | — Bae! 3-75 | 1,289 | 818 | 85 
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*Severe delayed clinical reaction. 


Cortisone given 36-48 hours after in 


jection 
All patients in Group D subsequently vaccinated with Wells’ vole vaccine and/or B.C.G. 


at 3-75 ug. Two patients, however, in whom the 
Mantoux test was strongly positive, received only 
a fifth part of this dose. In one the pattern of the 
reaction was unaltered, though the changes were 
smaller (Smith and Vollum, 1950, Fig. 7); in the 
other the first phase of the reaction was lost while 
the rise in protein was negligible. This was one of 
the only two occasions on which the polymor- 
phonuclear component failed to develop. Increasing 
the dose of P.P.D. restored the typical pattern of the 
reaction (Swithinbank ef al., loc. cit., Fig. 1). In 
one patient in whom the Mantoux test was only 
positive to 1/100 doubling the dose of P.P.D. 
merely increased the height of the initial cell 
spike (total cell count 3,980 per c.mm., poly- 
morphonuclears 3,184 per c.mm., protein 90 mg. 
per 100 ml.). 

The first, or polymorphonuclear, wave of pleo- 
cytosis thus proved to be much the most. constant 
and stable part of the reaction. Moreover, once the 
result of the Mantoux test was known the character 
and intensity of the intrathecal response to P.P.D. 
could be predicted with reasonable certainty. 


Findings in Patients with Disseminated Sclerosis 

Our findings in disseminated sclerosis during both 
phases of the reaction are summarized in the Table. 
Since in the normal the intensity of the intrathecal 
response varies with both the sensitivity of the 
recipient and the dose of P.P.D., these cases are 
arranged in four groups in descending order of 
intradermal sensitivity, Group A, comprising those 
in which the Mantoux test was positive to O.T. 
1 in 10,000, and Group D, those in which the Man- 
toux test was negative. Within each group the cases 
are arranged in order of decreasing dosage of P.P.D. 
When more than one injection of P.P.D. had been 
given it is the effects of the largest dose that are 
shown here. At the foot of the Table are set out the 
mean values for 13 reactions obtained in psychotics 
in whom the Mantoux test was strongly positive, 
and for six reactions in psychotics in whom the 
Mantoux test was only positive to O.T. 1 in 100. 

As in the normal, no definite reaction was obtained 
when the Mantoux test was negative (Group D). 
(In one case in which the Mantoux test was negative 
an injection of 0-:1875 vg P.P.D. produced 246 cells 
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per c.mm. and 160 mg. protein per 100 ml. 48 hours 
later. As this was the only observation made, this 
case cannot be included in the Table.) For the rest, 
however, the intensity of the reaction cannot be 
correlated with cither the Mantoux test or, within 
limits, the dose of P.P.D. Thus, the reactions shown 
in Group A are not consistently brisker than those 
in Group B, nor even, dose for dose, than those in 
Group C. (Both phases of the reaction should be 
considered when making this comparison.) How 
strongly this contrasts with the normal may be seen 
by comparing the two sets of mean values given at 
the foot of the Table. 

The relative unpredictability of the reaction in 
terms of the dose of P.P.D. is seen when the cases 
in any one group are compared with one another. 
Thus, in Group A, a 50% increase over the standard 
dose of P.P.D. failed to produce any significant 
reaction in Case 4, E.J., while in Case 18, M.C., 
there was a brisk reaction to only a tenth part of the 
standard dose. Again, in Group C a fourfold in- 
crease in the standard dose produced a moderate 
reaction in Case 19, S.S., while three-fifths of the 
standard dose in Case 5, K.P., 
produced a clinical reaction of such 
seveiity that cortisone had to be 
given in an attempt to abort it 
(see also Fig. 3, K.P.). Compare, 
too, Case 14, J.P., in Group B with 700 
Cases 11, P. McD., and 8, C.T. 

Other striking anomalies are seen 
in the altered pattern of the reaction. 
Throughout the reaction there is a 
marked tendency for the increase in 
protein to outstrip the pleocytosis, 
an exact reversal of the normal 
relationship. Particularly good 100 
examples of this reversal are seen 
when Cases 26, M.J.N., 27, S.K., 
and 8, C.T., in Group B, and 
Cases 1, S.F., 5, K.P., 21, K.M., 
and 10, B.P., in Group C are com- 
pared with the relevant set of mean 
values for reactions in psychotics. 
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This reversal is brought about partly by an 
exaggeration of the normal increase in protein and 
partly by a failure of the polymorphonuclear 
leucocytes to make their expected appearance. The 
protein can on occasions rise to surprising levels, 
and this rise tends to persist and may even increase 
during the second phase of the reaction (compare 
Cases 5, K.P., and 21, K.M., in Group C.) In 
consequence, the second phase is usually con- 
spicuous, even in those cases in which the Mantoux 
test was only weakly positive and where the first 
phase of the reaction failed to develop. 

The complete or partial suppression of the poly- 
‘morphonuclear component is equally remarkable. 


As a result of this, the initial spike of cells that is F 


such a constant and striking feature of the normal 
reaction is no longer seen. Figs. 2 and 3 show in 
detail certain reactions obtained in patients in whom 
the Mantoux test was positive to O.T. 1 in 1,000 or 
less, and to O.T. 1 in 100, respectively. It is largely 
the absence of the initial cell spike that gives these 
reactions their very peculiar pattern as compared 
with those shown in Fig. 4 (Sch 1) and Fig. 1. 
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Fic. 2.—The cell counts, protein content, and 


bromide ratio throughout the reactions 6-0 
provoked by giving variable amounts of = al 
P.P.D. in eight cases of disseminated & 5 


sclerosis in which the Mantoux test was . 








positive to 1 in 1,000 or less. The percen- 
tage of polymorphs (P) and lympocytes (L) 
is indicated. Note the absence, relative or w 
complete, of the initial spike of cells and 2075 
the marked, sustained increase in protein 
content (contrast Fig. 4; reaction Sch 1). 
Note also the lack of correlation between 





the intensity of the reaction and the dose of 3 2025 
P.P.D. and the sharp rise in the bromide @ wy 
ratio accompanying each reaction. a 
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IMMUNOLOGICAL REACTIONS IN DISSEMINATED SCLEROSIS 5 


As in the normal reaction the permeability of the 
blood-C.S.F. barrier to bromide is greatly increased, 
though probably not to quite such an extent. Thus, 
in the reactions listed in the Table the bromide 
ratio has only once risen to unity, whereas in the 
psychotics ratios of unity or above were the rule in 
patients in whom the Mantoux test was strongly 
positive (Smith ef al., 1955). 

In disseminated sclerosis, therefore, it is the 
increase in the protein content, and not the initial 
polymorphonuclear spike of cells, that has proved the 
most characteristic and constant part of the reaction. 


The Effect of Cortisone 

It is interesting to compare the reactions seen in 
disseminated sclerosis with those obtained in highly 
sensitized psychotics in whom the intrathecal tuber- 
culin reaction was covered by a single small dose 
of cortisone given at the same time as the P.P.D. 
Full details of two such reactions have been pub- 
lished elsewhere (Smith et al., 1955, Table IV). In 
both there was a striking suppression of the poly- 
morphonuclear response: in one case, in which 





50 mg. cortisone was given by mouth, the C.S.F. 
24 hours later only contained 24 polymorphonu- 
clears per c.mm.; in the other, in which 50 mg. 
cortisone was given intrathecally, there were 118 
polymorphonuclears per c.mm. The increase in 
protein was much less affected, and the second phase 
of the reaction developed normally. The increase 
in barrier permeability still occurred, but was less 
marked than in the unmodified reaction and returned 
more rapidly to normal. 

In certain respects, therefore, these modified 
reactions closely resemble the reactions seen in 
disseminated sclerosis. This resemblance is exem- 
plified in Fig. 4. Reaction Sch 1 shows the charac- 
teristic, unmodified response in a well-sensitized 
subject, and reaction Sch 2 shows the response to 
the same dose of P.P.D. in the same patient when 
50 mg. cortisone was given by mouth. The third 
reaction, D.S., was obtained to the same dose of 
P.P.D. in a patient with disseminated sclerosis. At 
least as far as the cell curve is concerned, the resem- 
blance is striking. The rise in protein content and 
bromide ratio in the case of disseminated sclerosis 
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is rather more marked than in reaction Sch 2, but 
it should be noted that the second and larger dose 
of P.P.D. was given before the delayed effects of 
the first small dose had subsided. It is possible, 
therefore, that the two injections were to some 
degree additative. 


The Effects of Vaccination 

In the past we have vaccinated four psychotics in 
whom the Mantoux test was negative with Wells’ 
vole vaccine. In every case the skin and meninges 
converted rapidly, unequivocally, and  simulta- 
neously. An example of this conversion is shown 
in Fig. 5 (Swithinbank e7 al., loc. cit., Fig. 9). When, 
therefore, it was found that the intrathecal injection 
of P.P.D. failed to elicit any definite response in 
the five Mantoux-negative cases of disseminated 
sclerosis listed in Group D (Table), the patients 
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Fic. 3.—As in Fig. 2, except 
that in these cases the 
Mantoux test was only 
positive to O.T. 1 in 100 
The reactions show the 
same features as those 
in Fig. 2 and contrast 
strongly with that shown 

in Fig. 1. 
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were vaccinated with Wells’ vole vaccine or B.C.G. 
Two patients (17, C.B., and 13, C.M.) were 
vaccinated with B.C.G. Three months later both 
skin and meninges were found to have converted, 
but unfortunately in neither case had it been possible 
to make any observations in the interval. The other 
three patients were vaccinated with Wells’ vole 
vaccine and observed from the time of vaccination. 
In all three the response was anomalous. In one, 
Case 23, R.T., the Mantoux test became positive 
within three weeks, but it was another month before 
any response was obtained to the intrathecal P.P.D. 
In the other two cases the response to vaccination 
was more unexpected. The events in one of these, 
Case 7, L.T., are shown in detail in Fig. 6. 
Initially, the Mantoux test was negative to O.T. 
1 in 100, and the standard intrathecal dose of P.P.D. 
produced only 65 cells per c.mm. and 122 mg. 
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IMMUNOLOGICAL REACTIONS IN DISSEMINATED SCLEROSIS 


Fic. 4.—The total cell counts, protein content, and 
bromide ratio throughout three separate reactions. 
The total polymorphonulcear count is shown also 
by the dotted line. The first two (Sch 1 and Sch 2), 
were produced in the same control patient to the 
same dose of P.P.D. but before the second, 50 mg. 
cortisone were given by mouth. Reaction Sch 1 
exemplifies the normal intrathecal response in a 
subject in whom the Mantoux test is strongly 
positive (O.T. 1 in 1,000). The third reaction, D.S., 
was obtained in a patient with disseminated 
sclerosis. Note the almost complete suppression of 
the polymorphonuclear response by the cortisone 
in Sch 2, and the close resemblance in the 
pattern of Sch 2 and D.S. For further explanation, 
see text. 


TOTAL COUNTS 


protein per 100 ml. Whether or not this 
represents a small but genuine reaction is 
uncertain, but in any event the response 
was insignificant, and consequently the 
patient was vaccinated with Wells’ vole 
vaccine. Four weeks later the Mantoux 
test was still negative and the response to 
the intrathecal P.P.D. unchanged. After 
another nine days (38 days from vaccina- 
tion) the intrathecal injection was re- 
peated, and this time was followed by a 
sharp rise in the protein content of the 
C.S.F. to 376 mg. per 100 ml., while the 
bromide ratio rose from 0:29 to 0°53. 
Sixty-five days after vaccination another 
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injection of P.P.D. produced essentially 
similar results except that the increase in 
pleocytosis was rather more definite. 
In spite, however, of this obvious increase 
in intrathecal sensitivity, the Mantoux 


test remained steadfastly negative. Ac- 

cordingly, 92 days after the first vaccina- 

tion the patient was revaccinated with 

B.C.G. A Koch’s phenomenon developed 

at the vaccination site, 10 days later the 

Mantoux test was found to be already 

strongly positive, while a final intrathecal 

dose of P.P.D. given 116 days after the original 

vaccination was followed by a well-marked reaction. 
From the response to the intrathecal tuberculin, 

and from the Koch’s phenomenon and rapid con- 

version of the Mantoux reaction that followed the 

second vaccination, it is clear that the first vaccina- 

tion had in fact produced some degree of sensitiza- 

tion. Why this acquired sensitivity could not show 

itself in the classical way by Mantoux conversion 

until after the extra stimulus of revaccination is not 

yet clear. It is, however, interesting that the chain 

of events in the remaining case, No. 16, H.T., is 

Similar, in that vaccination caused the meninges to 

convert though the Mantoux test was still negative 

more than three months later. 
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The Immediate Clinical Effects and Dosage of P.P.D. 

The clinical component of the reaction in dissemi- 
nated sclerosis has proved as unpredictable as the 
changes in the C.S.F. In some cases there was little 
or no clinical disturbance, even though well-marked 
changes in the C.S.F. might develop some days later. 
More commonly, the first phase of the reaction has 
been accompanied by the usual short-lived fever, 
headache, nausea, and pain in the back and legs. 
In a few cases focal neurological signs have been 
accentuated during the reaction. Thus, one patient 
developed nystagmus and another a troublesome 
retention of urine. Two patients showed signs of a 
low pressure state following the first small dose of 
P.P.D., but without any fever or changes in the C.S.F. 
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Fic. 5.—The effects of vole vaccina- 
tion in a psychotic patient in 
whom the Mantoux test was 
negative. Ten days after vaccina- 
tion the Mantoux test is positive 
and the intrathecal injection of 
3-75 ug P.P.D. evokes a brisk 
response. Note the rapid and 
simultaneous conversion of skin 
and meninges and the small 
increase in protein content dur- 
ing the reaction relative to the 

increase in cells. 























In two of our early cases, however, in both of 
which brain-stem and cerebellar signs predominated, 
the reaction was extremely alarming. Twenty-four 
hours after the injection the patients showed no 
more than the expected fever and meningism. The 
temperature then began to subside in the usual 
way, but then, about 36 hours after the injection, it 
rose abruptly, and both patients suffered 2 violent 
exacerbation of their cerebellar signs and became 
first stuporous, then comatose, with periodic respira- 
tions. Lumbar puncture showed that the intra- 
cranial pressure was not raised but that the fluid 
contained a great excess of protein. In both cases 
cortisone was given in an attempt to abort the 
reaction. One patient recovered consciousness 
within a few hours and the following day seemed 
none the worse. The other improved much more 
slowly, and it was several days before his tempera- 
ture returned to normal. 

Since the intensity of the intrathecal reaction is so 
unpredictable, while the reaction itself is potentially 
dangerous, finding the safe yet effective dose in any 
individual case of disseminated sclerosis has proved 
a matter of considerable difficulty. This difficulty is 








refiected by the great variation in the dosage of 
P.P.D. shown in the Table. At present, our practice 
is to inject 0-375 wg P.P.D. (0-5 ml. of the 1 in 10 
dilution of the “‘ standard” solution) in the first 
instance, and then, if no reaction is obtained, to 
give a fivefold (0:25 ml. of the standard solution) 
or tenfold (0-5 ml. of the standard solution) increase 
at the second injection. The smaller dose is preferred 
in cases in which the brain-stem appears to be 
heavily involved. An interval of about a week is 
allowed to elapse between the injections, in case the 
response to the first dose is delayed. 


Possible Effect of the Reactions on the Course of the 
Iliness 

We have naturally been anxious to determine 
whether, apart from the immediate disturbance 
associated with the reaction itself, these injections 
have any effect on the clinical condition, or modify 
in any way the expected course of the illness over 
the following months or years. It has seemed to us 
that the incidence of relapses during the next few 
years will give the best indication of the value 
of any form of treatment. Since, however, it 













FiG. 





IMMUNOLOGICAL REACTIONS IN DISSEMINATED SCLEROSIS 
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Fic. 6.—The effects of vac- 
cination in a patient with 
disseminated sclerosis in 
whom the Mantoux test 
was negative. Contrast 
Fig.5. For full explanation, 
see text. 
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is only 2 years since we gave intrathecal P.P.D. 
to a patient with disseminated sclerosis, and since 
only 35 patients, including those who are at present 
in hospital, have so far been treated in this way, 
it is still much too soon to attempt any valid ap- 
praisal of the late effects. It must also be pointed 
out that until fairly recently the patients to receive 
P.P.D. were selected from among our most ad- 
vanced cases; that is to say, most of them had been 
completely disabled for months or years. It is, 
however, true to say that we have yet to see evidence 
of a new lesion developing in any case in which a 
reaction has been obtained though fluctuations 
in pre-existing symptoms have been seen. Further, 
in several cases the pattern of the illness appears 
to have been changed, in that a slow but steady, 
if only moderate, improvement has been substituted 
for a fluctuating downhill course. Finally, in certain 
cases a reaction has been followed by a well-marked 
remission. Whether or not the two are causally 
related, it is at the least possible to say that the 
reactions neither prevent nor delay the natural 
remissions. 


Discussion and Conclusions 

Since the intrathecal tuberculin reaction must be 
accepted as a true antibody-antigen response, it 
follows that a consistent distortion of its pattern in 
one particular disease indicates that in that disease 
the normal immunological processes are disordered. 
Such a consistent distortion of the pattern of the 
reaction has now been demonstrated in disseminated 
sclerosis, and it is of considerable interest that a 
very similar distortion can be produced artificially 
by the exhibition of cortisone. Most of our findings, 
except possibly the exaggerated protein response, 
could be accounted for on the hypothesis that in 
this disease some substance is at work exerting a 
cortisone-like effect. This might explain not only 
the purticular distortion seen in the intrathecal 
reactions, but also the very unusual results of 
vaccination. In this connexion, it is interesting to 
note that in those two reactions in which the clinical 
disturbance was alarmingly severe, cortisone seems 
to have little, if any, effect on the evolution of the 
changes in the C.S.F. (Fig. 2, N.W.; Fig. 3, K.P.). 
It is as though the cortisone-like effect was already 
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exerted and so no further modification was possible. 
It is also perhaps worth recalling the disappointing 
results reported for cortisone in the treatment of 
disseminated sclerosis as compared with its effect 
in acute encephalitis (Miller and Gibbons, 1953). 
Whether this cortisone-like effect is confined to the 
central nervous system or affects the body as a whole 
we do not yet know, though the results of vaccina- 
tion would indicate that it is not strictly confined 
to the central nervous system. 

It may be objected that, in spite of the reasons 
adduced, we are not justified in treating our findings 
in psychotics as controls. It is true that we have 
made no observations in other chronic progressive 
diseases of the nervous system, such as motor 
neuron disease or paralysis agitans. On the other 
hand, we are very familiar with the intrathecal 
reaction as seen in tuberculous meningitis, we have 
studied the C.S.F. changes during the reaction in 
rabbits (Taylor and Hunter, in the press), and the 
histological changes in guinea-pigs (Bosanquet et al, 
1953). In all these the reaction appears similar 
in kind to that seen in the psychotics; in fact, there 
is a far greater resemblance between the reaction 
in the rabbit and in the psychotic patients than 
between the psychotics and the patients with dis- 
seminated sclerosis, and this in spite of the species 
difference. 

As to the possible therapeutic effect, it is obvious 
that no proper assessment can yet be attempted. 
Moreover, owing to the natural history of the 
disease, and the limited facilities available at any 
one neurological centre, it may be a long time before 
the evaluation of this treatment becomes possible. 
Excluding the immediate disturbance of the reaction 
itself, no patient has yet grown worse who has 
experienced a definite reaction, while others have 
improved. We therefore consider ourselves justified 
in pursuing this research, and are presenting this 
preliminary report in the hope that others may 
extend and expand this work. 


Summary 
The effects of the intrathecal injection of tuber- 
culin in disseminated sclerosis have been studied 
and compared with the findings in cases of psychosis 
of mixed aetiology. 
Reasons are advanced for accepting the findings 





in the psychotic patients as valid control observa- 
tions. 

Striking and consistent differences are described 
between the intrathecal tuberculin reaction ip 
disseminated sclerosis and in the controls. 

In particular, the correlation seen in the controls 
between the intensity of the intrathecal reaction and 
both the result of the Mantoux test and the dose of 
tuberculin is not apparent in disseminated sclerosis, 
The pattern of the reaction also is distorted, in that 
the characteristic polymorphonuclear leucocyte 
component is suppressed, while the increase in 
protein is exaggerated. 

A similar suppression of the polymorphonuclear 
component can be artificially produced in controls 
by administering cortisone. 

The response in tuberculin-negative cases of 
disseminated sclerosis to vaccination with Wells’ 
vole vaccine or B.C.G. is anomalous, in that— 
contrary to experience with the controls—sensitiza- 
tion of the skin and of the meninges may be markedly 
dissociated. 

The immediate clinical effects of the intrathecal 
injection of tuberculin have been very alarming in 
two brain-stem cases, but have otherwise been 
associated with little immediate change in the 
clinical picture. 

Follow-up studies suggest, however, that the 
course of the illness may have been modified for 
good; and this aspect of the subject is being in- 
vestigated further. 


Weare greatly indebted to Drs. K. Sinclair, J. Dominion, 
F. Morgenstern, and E. Jellinek for their great assistance 
with this study; also to Dr. C. L. Greenbury and the 
members of his Department for most of the C.S.F. 
analyses; and to Dr. George Hunter for the bromide 
estimations. The skill and loyalty of the nursing staff 
concerned made this study possible. 


REFERENCES 


Bosanquet, F. D., Daniel, P. M., and Vollum, R. L. (1953). Brit. J. 
exp. Path., 34, 376. 

Hunter, G. (1955). Biochem. J., 60, 261. 

Miller, H. G., and Gibbons, J. L. (1953). Brit. med. J., 2, 1345. 

Smith, H.V.,Taylor, L. M., and Hunter, G. (1955). Journal of Neurology, 

Neurosurgery and Psychiatry, 18, 237. 

H. V., and Vollum, R. L. (1950). Lancet, 2, 275. 

—, an pee, L. M., and Taylor, K. B. (1956). Tubercle (Lond.), 

Swithinbank, J., Smith, H. F., and Vollum, R. L. (1953). J. Path. 
Bact., 65, 565. 

Taylor, K. B., and Hunter, G. In the press. 










6G! LOST Oe 99 055 





JN 


J. Neurol. Neurosurg. Psychiat., 1957, 20, 11. 


LOSS OF RECENT MEMORY AFTER BILATERAL 
HIPPOCAMPAL LESIONS 
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McGill University, and the Montreal Neurological Institute, Canada 


In 1954 Scoville described a grave loss of recent 
memory which he had observed as a sequel to 
bilateral medial temporal-lobe resection in one 
psychotic patient and one patient with intractable 
seizures. In both cases the operations had been 
radical ones, undertaken only when more conserva- 
tive forms of treatment had failed. The removals 
extended posteriorly along the mesial surface of the 
temporal lobes for a distance of approximately 8 cm. 
from the temporal tips and probably destroyed the 
anterior two-thirds of the hippocampus and hippo- 
campal gyrus bilaterally, as well as the uncus and 
amygdala. The unexpected and persistent memory 
deficit which resulted seemed to us to merit further 
investigation. We have therefore carried out formal 
memory and intelligence testing of these two patients 
and also of eight other patients who had undergone 
similar, but less radical, bilateral medial temporal- 
lobe resections.* The present paper gives the results 
of these studies which point to the importance of 
the hippocampal complex for normal memory func- 
tion. Whenever the hippocampus and hippocampal 
gyrus were damaged bilaterally in these operations 
some memory deficit was found, but not otherwise. 
We have chosen to report these findings in full, 
partly for their theoretical significance, and partly as 
a warning to others of the risk to memory involved 
in bilateral surgical lesions of the hippocampal 
region. 


Operations 

During the past seven years in an effort to preserve 
the overall personality in psychosurgery some 300 
fractional lobotomies have been performed, largely 
On seriously ill schizophrenic patients who had failed 
to respond to other forms of treatment. The aim in 
these fractional procedures was to secure as far as 
possible any beneficial effects a complete frontal 
lobotomy might have, while at the same time avoid- 
ing its undesirable side-effects. And it was in fact 





* These further psychological examinations by one of the authors, 
B. M., were made possible through the interest of Dr. Wilder Penfield. 
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found that undercutting limited to the orbital sur- 
faces of both frontal lobes has an appreciable 
therapeutic effect in psychosis and yet does not cause 
any new personality deficit to appear (Scoville, 
Wilk, and Pepe, 1951). In view of the known close 
relationship between the posterior orbital and mesial 
temporal cortices (MacLean, 1952; Pribram and 
Kruger, 1954), it was hoped that still greater 
psychiatric benefit might be obtained by extending 
the orbital undercutting so as to destroy parts of the 
mesial temporal cortex bilaterally. Accordingly, in 
30 severely deteriorated cases, such partial temporal- 
lobe resections were carried out, either with or with- 
out orbital undercutting. The surgical procedure 
has been described elsewhere (Scoville, Dunsmore, 
Liberson, Henry, and Pepe, 1953) and is illustrated 
anatomically in Figs. 1 to 4. All the removals have 
been bilateral, extending for varying distances along 
the mesial surface of the temporal lobes. Five were 
limited to the uncus and underlying amygdaloid 
nucleus; all others encroached also upon the anterior 
hippocampus, the excisions being carried back 5 cm. 
or more after bisecting the tips of the temporal lobes, 
with the temporal horn constituting the lateral edge 
of resection. In one case only in this psychotic 
group all tissue mesial to the temporal horns for a 
distance of at least 8 cm. posterior to the temporal 
tips was destroyed, a removal which presumably 
included the anterior two-thirds of the hippocampal 
compiex bilaterally. 

An equally radical bilateral medial temporal-lobe 
resection was carried out in one young man (H. M.) 
with a long history of major and minor seizures 
uncontrollable by maximum medication of various 
forms, and showing diffuse electro-encephalographic 
abnormality. This frankly experimental operation 
was considered justifiable because the patient was 
totally incapacitated by his seizures and these had 
proven refractory to a medical approach. It was 
suggested because of the known epileptogenic quali- 
ties of the uncus and hippocampal complex and 
because of the relative absence of post-operative 
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Fic. 1.—Area removed bilaterally from the medial temporal lobes demonstrating 5 cm. as well as 8 cm. removals through supra-orbital 


trephines. 


seizures in our temporal-lobe resections as com- 
pared with fractional lobotomies in other areas. The 
operation was carried out with the understanding 
and approval of the patient and his family, in the 
hope of lessening his seizures to some extent. At 
operation the medial surfaces of both temporal lobes 
were exposed and recordings were talen from both 
surface and depth electrodes before any tissue was 
removed; but again no discrete epileptogenic focus 
was found. Bilateral resection was then carried out, 
extending postezioriy for a distance of 8 cm. from 
the temporal tips. 


Results 

The psychiatric findings bearing upon the treat- 
ment of schizophrenia have already been reported 
(Scoville and others, 1953). Briefly, it was found 
that bilateral resections limited to the medial portions 
of the temporal lobes were without significant thera- 
peutic effect in psychosis, although individual 
patients (including the one with the most radical 
removal) did in fact show some improvement. There 
have been no gross changes in personality. This is 


particularly clear in the case of the epileptic, non- 
psychotic patient whose present cheerful placidity 
does not differ appreciably from his pre-operative 
status and who, in the opinion of his family, has 
shown no personality change. Neurological changes 
in the group have also been minimal. The incidence 
and severity of seizures in the epileptic patient were 
sharply reduced for the first year after operation, 
and although he is once again having both major and 
minor attacks, these attacks no longer leave him 
stuporous, as they formerly did. It has therefore 
been possible to reduce his medication considerably. 
As far as general intelligence is concerned, the 
epileptic patient has actually improved slightly since 
operation, possibly because he is less drowsy than 
before. The psychotic patients were for the most 
part too disturbed before operation for finer testing 
of higher mental functions to be carried out, but 
certainly there is no indication of any general 
intellectual impairment resulting from the operation 
in those patients for whom the appropriate test data 
are available. 

There has been one striking and totally unexpected 
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Fic. 2.—Diagrammatic cross-sections of 
human brain illustrating extent of 
attempted bilateral medial temporal 
lobe resection in the radical operation. 
(For diagrammatic purposes the resection 
has been shown on one side only.) 
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Fic. 3.—Post-operative skull radiograph with silver clip markers 
outlining extent of bilateral resections limited to the uncus and 
amygdala. 


behavioural result: a grave loss of recent memory 
in those cases in which the medial temporal-lobe 
resection was so extensive as to involve the major 
portion of the hippocampal complex bilaterally. The 
psychotic patient haying the most radical excision 
(extending 8 cm. from the tips of the temporal lobes 
bilaterally) has shown a profound post-operative 
memory disturbance, but unfortunately this was not 
recognized at the time because of her disturbed 
emotional state. In the non-psychotic patient the 
loss was immediately apparent. After operation this 
young man could no longer recognize the hospital 
staff nor find his way to the bathroom, and he seemed 
to recall nothing of the day-to-day events of his 
hospital life. There was also a partial retrograde 
amnesia, inasmuch as he did not remember the 
death of a favourite uncle three years previously, 
nor anything of the period in hospital, yet could 
recall some trivial events that had occurred just 
before his admission to the hospital. His early 
memories were apparently vivid and intact. 

This patient’s memory defect has persisted without 
improvement to the present time, and numerous 
. iltustrations of its severity could be given. Ten 
months ago the family moved from their old house 
to a new one a few blocks away on the same street; 
he still has not learned the new address, though 
remembering the old one perfectly, nor can he be 
trusted to find his way home alone. Moreover, he 
does not know where objects in continual use are 
kept; for example, his mother still has to tell him 
where to find the lawn mower, even though he may 
have been using it only the day before. She also 
states that he will do the same jigsaw puzzles day 
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Fic. 4.—Post-operative skull radiograph with silver clip markers 
outlining the extent of the bilateral resections including the an- 
terior hippocampal complex (approximately 6 cm. posterior to 
the tip of the anterior temporal fossa). 


after day without showing any practice effect and 
that he will read the same magazines over and over 
again without finding their contents familiar. This 
patient has even eaten luncheon in front of one of us 
(B. M.) without being able to name, a mere half-hour 
later, a single item of food he had eaten; in fact, he 
could not remember having eaten luncheon at all. 
Yet to a casual observer this man seems like a 
relatively normal individual, since his understanding 
and reasoning are undiminished. 

The discovery of severe memory defect in these 
two patients led us to study further all patients in 
the temporal-lobe series who were sufficiently co- 
operative to permit formal psychological testing. 
The operation sample included, in addition to the 
two radical resections, one bilateral removal of the 
uncus, extending 4cm. posterior to the temporal 
tips, and six bilateral medial temporal-lobe resections 
in which the removal was carried back 5 or 6 cm. 
to include also a portion of the anterior hippo- 
campus; in three of these six cases the temporal-lobe 
resection was combined with orbital undercutting. 
One unilateral case was also studied in which right 
inferior temporal lobectomy and hippocampectomy 
had been carried out for the relief of incisural 
herniation due to malignant oedema (Fig. 5). We 
found some memory impairment in all the bilateral 
cases in which the removal was carried far enough 
posteriorly to damage the hippocampus and hippo- 
campal gyrus, but in only one of these six additional 
cases (D. C.) did the memory loss equal in severity 
that seen in the two most radical excisions. 
case with bilateral excision of the uncus (in which 
the removal can have involved only the amygdaloid 
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and peri-amygdaloid areas) showed excellent memory 
function. The unilateral operation, extensive as it 
was, has caused no lasting memory impairment, 
though some disturbance of recent memory was 
noted in the early post-operative period (Scoville, 
1954); we now attribute this deficit to temporary 
interference with the functioning of the hippocampal 
zone of the opposite hemisphere by contralateral 
pressure. 

The histories and individual test results for these 
10 cases are reported below, and the Table sum- 
marizes the principal findings. For purposes of 
comparison the cases have been divided into three 
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Fic. 5.—Unilateral inferior hori- 
zontal temporal lobectomy 
extending a distance of 8 cm. 
posterior to the tip of the 
anterior temporal fossa. This 
operation is performed for 
incisural herniation of the 
temporal lobes (Case 10). 


groups representing different degrees of memory 
impairment. 


Group I: Severe Memory Defect 

In this category are those patients who since 
operation appear to forget the incidents of their 
daily life as fast as they occur. It is interesting that 
all these patients were able to retain a three-figure 
number or a pair of unrelated words for several 
minutes, if care was taken not to distract them in 
the interval. However, they forgot the instant 
attention was diverted to a new topic. Since in 
normal life the focus of attention is constantly 
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Group I: Severe 


Memory Defect 
Case 1, H. M. 29 M | Epilepsy Medial temporal B 8 20 112 67 
Case 2, D. C. 47 M | Paranoid Medial temporal and B 5-5 21 122 | 70 
schizophrenia orbital undercutting ; 
Case 3, M. B. 55 F | Manic-depressive} Medial temporal B 8 28 78 | 60 
psychosis 
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Group II: Moderate | 
Memory Defect 
Case 4, A. Z. 35 F | Paranoid Medial temporal B 5 | 40 96 84 
schizophrenia 
Case 5, M. R. 40 F Paranoid * | Medial temporal and B } 5 39 123 | 81 
schizophrenia orbital undercutting 
Case 6, A. R. | 38 F Hebephrenic Medial temporal and B | 4:5 47 Incomplete 
schizophrenia orbital undercutting 
Case 7, C. G. 44 F | Schizophrenia Medial temporal B 5°5 | 41 Incomplete 
Case 8, A. L. 31 | M | Schizophrenia Medial temporal B 6 38 Incomplete 
Group III: No | 
Memory Defect } ! 
Case 9, I. S. 54 | F | Paranoid Uncectomy B 4 | 53 122 | 125 
schizophrenia | | 
Case 10, E. G. 55 | F Incisural Inferior temporal U-Rt. | 9 16 93 | 90 
| herniation lobectomy | | 




















changing, such individuals show an apparently 
complete anterograde amnesia. This severe defect 
was observed in the two patients having the most 
radical bilateral medial temporal-lobe excisions (with 
the posterior limit of removal approximately 8 cm. 
from the temporal tips) and in one other case, a 
bilateral 5-5 cm. medial temporal excision. These 
three cases will now be described. 


Case 1, H. M.—This 29-year-old motor winder, a high 
school graduate, had had minor seizures since the age 
of 10 and major seizures since the age of 16. The small 
atiacks lasted about 40 seconds, during which he would 
be unresponsive, opening his mouth, closing his eyes, and 
crossing both arms and legs; but he believed that he could 
“half hear what was going on”. The major seizures 
occurred without warning and with no lateralizing sign. 
They were generalized convulsions, with tongue-biting, 
urinary incontinence, and loss of consciousness followed 
by prolonged somnolence. Despite heavy and varied 
anticonvulsant medication the major attacks had increased 
in frequency and severity through the years until the 
patient was quite unable to work. 

The aetiology of this patient’s attacks is not clear. 
He was knocked down by a bicycle at the age of 9 
and was unconscious for five minutes afterwards, sus- 
taining a laceration of the left supra-orbital region. Later 
radiological studies, however, including two pneumo- 
encephalograms, have been completely normal, and the 
physical examination has always been negative. 

Electro-encephalographic studies have consistently 
failed to show any localized epileptogenic area. In the 
examination of August 17, 1953, Dr. T. W. Liberson 





described diffuse slow activity with a dominant frequency 
of 6 to 8 per second. A short clinical attack was said to 
be accompanied by generalized 2 to 3 per second spike- 
and-wave discharge with a slight asymmetry in the central 
leads (flattening on the left). 

Despite the absence of any localizing sign, operation 
was considered justifiable for the reasons given above. 
Qn September 1, 1953, bilateral medial temporal-lobe 
resection was carried out, extending posteriorly for a 
distance of 8cm. from the midpoints of the tips of the 
temporal lobes, with the temporal horns constituting the 
lateral edges of resection. 

After operation the patient was drowsy for a few days, 
but his subsequent recovery was uneventful apart from 
the grave memory loss already described. There has 
been no neurological deficit. An electro-encephalogram 
taken one year after operation showed increased spike- 
and-wave activity which was maximal over the frontal 
areas and bilaterally synchronous. He continues to have 
seizures, but these are less incapacitating than before. 






















Psychological Examination.—This was performed on 
April 26, 1955. The memory defect was immediately 
apparent. The patient gave the date as March, 1953, and 
his age as 27. Just before coming into the examining 
room he had been talking to Dr. Karl Pridbram, yet he 
had no recollection of this at all and denied that anyone 
had spoken to him. In conversation, he reverted con- 
stantly to boyhood events and seemed scarcely to realize 
that he had had an operation. 

On formal testing the contrast between his good 
general intelligence and his defective memory was most 
striking. On the Wechsler-Bellevue Intelligence Scaie he 
achieved a full-scale 1.Q. rating of 112, which compares 
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F favourably with the pre-operative rating of_104 reported 
by Dr. Liselotte Fischer in August, 1953, the improvement 
in arithmetic being particularly striking. An extensive 
test battery failed to reveal any deficits in perception, 
abstract thinking, or reasoning ability, and his motivation 
remained excellent throughout. 

On the Wechsler Memory Scale (Wechsler, 1945) his 
immediate recall of stories and drawings fell far below the 
average level and on the “ associate learning ’’ subtest 
of this scale he obtained zero scores for the hard word 
associations, low scores for the easy associations, and 
failed to improve with repeated practice. These findings 
are reflected in the low memory quotient of 67, More- 
over, on all tests we found that once he had turned to a 
new task the nature of the preceding one could no longer 
be recalled, nor the test recognized if repeated. 

In summary, this patient appears to have a complete 
loss of memory for events subsequent to bilateral medial 
temporal-lobe resection 19 months before, together with 
a partial retrograde amnesia for the three years leading 
up to his operation; but early memories are seemingly 
normal and there is no impairment of personality or 
general intelligence. 


Case 2, D. C.—This 47-year-old doctor was a paranoid 
schizophrenic with a four-year history of violent, com- 
bative behaviour. Before his illness he had been prac- 
tising medicine in Chicago, but he had always shown 
paranoid trends and for this reason had had difficulty 
completing his medical training. His breakdown followed 
the loss of a lawsuit in 1950, at which time he made a 


homicidal attack on his wife which led to his admission 


to hospital. Since then both insulin and electro-shock 
therapy had been tried without benefit and the prognosis 
was considered extremely poor. On May 13, 1954, at the 
request of Dr. Frederick Gibbs and Dr. John Kendrick, a 
bilateral medial temporal-lobe resection combined with 
orbital undercutting was carried out at Manteno State 
Hospital (W. B. S., with the assistance of Dr. John 
Kendrick). The posterior limit of the removal was 5 cm. 
from the sphenoid ridge, or roughly 5-5cm. from the 
tips of the temporal lobes, with the inferior horns of the 
ventricles forming the lateral edges of resection. Record- 
ing from depth electrodes at the time of operation showed 
spiking from the medial temporal regions bilaterally with 
some spread to the orbital surfaces of both frontal lobes, 
but after the removal had been completed a normal 
electro-encephalographic record was obtained from the 
borders of the excision. 

Post-operative recovery was uneventful and there has 
been no neurological deficit. Since operation the patient 
has been outwardly friendly and tractable with no return 
of his former aggressive behaviour, although the para- 
noid thought content persists; he is considered markedly 
improved. But he too shows a profound memory dis- 
turbance. At Manteno State Hospital he was described 
as ‘‘ confused ”’, because since the operation he had been 
unable to find his way to bed and seemed no longer to 
recognize the hospital staff. However, no psychological 
examination was made there, and on November 29, 1955, 
he was transferred to Galesburg State Research Institute 
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where he was interviewed by one of us (B. M.) on 
January 12, 1956. 


Psychological Findings.—This patient presented exactly 
the same pattern of memory loss as H. M. He was cour- 
teous and cooperative throughout the examination, and 
the full-scale Wechsler I.Q. rating of 122 showed him to 
be still of superior intellect. Yet he had no idea where he 
was, explaining that naturally the surroundings were 
quite unfamiliar because he had only arrived there for 
the first time the night before. (In fact, he had been there 
six weeks.) He was unable to learn either the name of the 
hospital or the name of the examiner, despite being told 
them repeatedly. Each time he received the information 
as something new, and a moment later would deny 
having heard it. At the examiner’s request he drew a dog 
and an elephant, yet half an hour later did not even 
recognize them as his own drawings. On the formal tests 
of the Wechsler Memory Scale his immediate recall of 
stories and drawings was poor, and the memory quotient 
of 70 is in sharp contrast to the high I.Q. level. As with 
H. M., once a new task was introduced there was total 
amnesia for the preceding one; in his own words, the 
change of topic confused him. This man did not know 
that he had had a brain operation and did not recall 
being at Manteno State Hospital, although he had spent 
six months there before the operation as well as six 
months post-operatively. Yet he could give minute 
details of his early life and medical training (accurately, 
as far as we could tell). 


Case 3, M. B.—This 55-year-old manic depressive 
woman, a former clerical worker, was admitted to 
Connecticut State Hospital on December 27, 1951, at 
which time she was described as anxious, irritable, argu- 
mentative, and restless, but well-oriei.tated in all spheres. 
Her recent memory was normal, in that she knew how 


long she had been living in Connecticut and could give 


the date of her hospital admission and the exact times of 
various clinic appointments. On December 18, 1952, a 
radical bilateral medial temporal-lobe resection was 
carried out, with the posterior limit of removal 8 cm. 
from the temporal tips. Post-operatively she was stupor- 
ous and confused for one week, but then recovered 
rapidly and without neurological deficit. She has become 
neater and more even-tempered and is held to be greatly 
improved. However, psychological testing by Mr. I. 
Borganz in November, 1953, revealed a grave impair- 
ment of recent memory; she gave the year as 1950 and 
appeared io recall nothing of the events of the last three 
years. Yet her verbal intelligence proved to be normal. 
She was examined briefly by B. M. in April, 1955, at 
which time she showed a global loss of recent memory 
similar to that of H. M. and D. C. She had been brought 
to the examining room from another building, but had 
already forgotten this; nor could she describe any other 
part of the hospital although she had been living there 
continuously for nearly three and a half years. On the 
Wechsler Memory Scale her immediate recall of stories 
and drawings was inaccurate and fragmentary, and 
delayed recall was impossible for her even with prompt- 
ing; when the material was presented again she failed to 
recognize it. Her conversation centred around her early 
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life and she was unable to give any information about 
the years of her hospital stay. Vocabulary, attention span, 
and comprehension were normal, thus confirming Mr. 
Borganz’ findings. 


Group II: Moderately Severe Memory Defect 

In this second category are those patients who can 
be shown to retain some impression of new places 
and events, although they are unable to learn such 
arbitrary new associations as people’s names and 
cannot be depended upon to carry out commissions. 
Subjectively, these patients complain of memory 
difficulty, and objectively, on formal tests, they do 
very poorly irrespective of the type of material to be 
memorized. The five remaining patients with bilateral 
medial temporal-lobe removals extending 5 or 6 cm. 
posteriorly from the temporal tips make up this 
( group. Only two of these patients were well enough 
to permit thorough testing, but in all five cases 
enough data were obtained to establish that the 
patient did have a memory defect and that it was not 
of the gross type seen in Group I. The individual 
cases are reported below. 


Case 4, A. Z.—This 35-year-old woman, a paranoid 
schizophrenic, had been in Connecticut State Hospital 
for three years and extensive electro-shock therapy had 
been tried without lasting benefit. She was described as 
tense, assaultative, and sexually preoccupied. On 
November 29, 1951, bilateral medial temporal-lobe 
resection was carried out under local anaesthesia, the 
posterior limit of the removal being approximately 5 cm. 
from the tips of the temporal lobes. During subpial 
resection of the right hippocampal cortex the surgeon 
inadvertently went through the arachnoid and injured 
by suction a portion of the right peduncle, geniculate, or 
hypothalamic region with immediate development of 
deep coma. The injury was visualized by extra-arachnoid 
inspection. Post-operatively the patient remained in 
stupor for 72 hours and exhibited a left spastic hemi- 
plegia, contracted fixed pupils, strabismus, and lateral 
nystagmus of the right eye; vital signs remained constant 
and within normal limits. She slowly recovered the use 
of the left arm and leg and her lethargy gradually dis- 
appeared. By the seventh post-operative day she could 
walk without support and pupillary responses had 
returned to normal. The only residual neurological 
deficit has been a left homonymous hemianopia. Of 
particular interest was the dramatic post-operative im- 
provement in her psychotic state with an early complete 
remission of her delusions, anxiety, and paranoid be- 
haviour. At the same time she showed a retrograde 
amnesia for the entire period of her illness. 

This patient was discharged from the hospital nine 
months after operation and is now able to earn her living 
as a domestic worker. However, she complains that her 
memory is poor, and psychological examination (April 
27, 1955) three and a half years post-operatively confirms 
this. But the deficit is less striking than in the three cases 
reported above. This patient, for example, was able to 


give the address of the house where she worked although 
she had been there only two days, and she could even 
describe the furnishings in some detail although she had 
not yet learned the name of her employer. She was also 
able to give an accurate, though sketchy, description of a 
doctor who had spoken to her briefly that morning and 
whom she had never seen before. However, she could 
recall very little of the conversation. 

Formal testing at this time showed her intelligence to 
lie within the average range with no impairment of atten- 
tion or concentration. The Wechsler-Bellevue I.Q. rating 
was 96. On the Wechsler Memory Scale her immediate 
recall of stories was normal, but passing from one story 
to the next was enough to make her unable to recall the 
first one, though a few fragments could be recovered with 
judicious prompting. She showed the same rapid forget- 
ting on the “ visual retention ’’ subtest, indicating that 
the memory impairment was not specific to verbal 
material. Finally, she was conspicuously unsuccessful on 
the “* associate learning ”’ subtest, failing to master a 
single unfamiliar word association. This examination as 
a whole provides clear evidence of an impairment of 
recent memory. 


Case 5, M. R.—This 40-year-old woman, a paranoid 
schizophrenic with superimposed alcoholism, had been a 
patient at Norwich State Hospital for 11 years, receiving 
extensive electro-shock therapy. Bilateral medial tem- 
poral-lobe resection combined with orbital undercutting 
was Carried out on January 17, 1952, the posterior extent 
of removal being roughly 5 cm. from the temporal tips. 
The patient has shown complete remission of psychotic 
symptoms and was discharged from the hospital on 
September 16, 1954, to the care of her family. 


Psychological Examination.—This was performed on 


April 29, 1955. Tests showed this woman to be of 
superior intelligence, with a full-scale 1.Q. rating of 123 
on the Wechsler Scale. However, she complained of poor 
memory, adding that she could remember faces and “* the 
things that are important ’’, but that, to her great em- 
barrassment, she forgot many ordinary daily happenings. 
Upon questioning she gave the year correctly but did 
not know the month or the day. She knew that she 
had had an operation in 1952 but did not recognize the 
surgeon (W. B. S.) nor recall his name. Formal testing FF 
revealed the same pattern of memory disturbance as [7 
A. Z. had shown, and the memory quotient of 81 com- 
pares most unfavourably with the high 1.Q. rating. In 
conversation, she reverted constantly to discussion of her 77 
work during the years of depression and showed little J 
knowledge of recent events. 


Case 6, A. R.—This 38-year-old woman had been in 
hospital for five years with a diagnosis of hebephrenic 
schizophrenia. Before operation she was said to be noisy, | 
combative, and suspicious, and electro-shock therapy 
had caused only transient improvement in this condition. 
On May 31, 1951, bilateral medial temporal-lobe resection 
combined with orbital undercutting was carried out, the | 
posterior limit of removal being slightly less than 5 cm. F 
from the bisected tips of the temporal lobes. After [ 
operation the patient gradually became quieter and more | 
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cooperative and on September 29, 1952, she was dis- 
charged to her home. There have been no neurological 
sequelae. 


Psychological Examination.—This was performed in 
April, 1955. Examination revealed a hyperactive woman, 
too excited and talkative for prolonged testing. She 
showed a restricted span of attention but scores on verbal 
intelligence tests were within the dull normal range. 
Moreover, she appeared to recall some recent happenings 
quite well. Thus, she knew that her daughter had caught 
a7 o'clock train to New York City that morning to buy 
a dress for a wedding the following Saturday. She could 
also describe the clothes worn by the secretary who had 
shown her into the office. However, on formal testing 
some impairment of recent memory was seen, although 
unlike the other patients in this group she did succeed 
on some of the difficult items of the “* associate learning ”’ 
test. As with A. Z. and M. R.., the deficit appeared most 
clearly on tests of delayed recall after a brief interval 
filled with some other activity. Thus, on the “ logical 
memory ”’ test she gave an adequate version of each story 
immediately after hearing it, but passing from one story 
to the next caused her to forget the first almost com- 
pletely; similar results were obtained for the recall of 
drawings. We conclude that this patient has a memory 
impairment identical in type to that of the other patients 
in this group, but somewhat milder. It is interesting that 
she had a relatively small excision. 


Case 7, C. G.—This 44-year-old schizophrenic woman 
had been in the hospital for 20 years without showing any 
improvement in her psychosis. On November 19, 1951, 
bilateral medial temporal-lobe resection was carried out 
under local anaesthesia, the posterior limit of removal 
being 5-5 cm. from the tips of the temporal lobes. There 
was temporary loss of consciousness during the resection 
but the patient was fully conscious at the end of the 
procedure and post-operative recovery was uneventful. 
There has been no neurological deficit. She is considered 
to be in better contact than before but more forgetful. 

This patient was examined at Norwich State Hospital 
in April, 1955, and although she was too distractible for 
prolonged testing, it was possible to show that she re- 
membered some recent events. For example, she knew 
that she had been working in the hospital beauty parlour 
for the past week and that she had been washing towels 
that morning. Yet formal memory testing revealed the 
same deficit as that shown by A. Z. and M. R., though 
less extensive data were obtained in this case. 


Case 8, A. L.—This 31-year-old schizophrenic man 
had been a patient at Norwich State Hospital since 
October, 1950. He had first become ill in August, 1950, 
demonstrating a catatonic type of schizophrenia with 
auditory and visual hallucinations. On January 31, 1952, 
bilateral medial temporal-lobe resection combined with 
orbital undercutting was carried out, the removal extend- 
ing posteriorly for a distance of 6cm. along the mesial 
surface of the temporal lobes. Recovery was uneventful 
and no neurological deficit ensued. The patient has been 
more tractable since the operation but he is still subject 
to delusions and hallucinations. He is said to have a 
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memory defect. When interviewed by B. M. in April, 
1955, he was found to be too out of contact for extensive 
formal testing. However, he was able to recall the exami- 
ner’s name and place of origin 10 minutes after hearing 
them for the first time, and this despite the fact that the 
interval had been occupied with other tasks. He could 
also recognize objects which had been shown to him 
earlier in the interview, selecting them correctly from 
others which he had not seen before. But his immediate 
recall of drawings and stories was faulty and these were 
forgotten completely once his attention was directed to 
a new topic, 

In this patient we stress the negative findings: despite 
his evident psychosis he did not show the severe memory 
loss typical of the patients in Group 1. Yet the brief 
psychological examination and the hospital record both 
indicate some impairment of recent memory, though no 
reliable quantitative studies could be made. 


Group III: No Persistent Memory Defect 


Case 9, I. S.—This 54-year-old woman had a 20-year 
history of paranoid schizophrenia, with auditory hallu- 
cinations and marked emotional lability. She had 
attempted suicide on several occasions. On November 16, 
1950, six months after admission to a state hospital, a 
bilateral medial temporal lobectomy was carried out 
under local anaesthesia with sectioning of the tips of the 
temporal lobes and subpial suction removal of the medial 
portion, extending back 4cm. to include the uncus and 
amygdala. Thus this was a conservative bilateral re- 
moval, sparing the hippocampal region. The operation 
was complicated by accidental damage to the midbrain 
from the electrocautery, causing the patient to give a 
convulsive twitch which was followed by coma and 
extensive rigidity. After operation she was somnolent 
for a time with continuing rigidity, more marked on the 
left side than on the right. Vital signs were normal. She 
required traction to prevent flexure spasm contractures. 
There was slow improvement over the ensuing two 
months, with some residual clumsiness and spasticity of 
gait. For a time the patient’s mental state was worse 
than before operation, but within three months she had 
improved markedly, with increased gentleness, diminished 
auditory hallucinations, and no depression. She ulti- 
mately showed the best result of all the cases in this series 
and was discharged from the hospital five months after 
operation. 

This patient was re-examined on May 11, 1956. She 
shows a complete remission of her former psychotic 
behaviour and is living at home with her husband and 
leading a normal social life. Her hallucinations have 
ceased. Upon neurological examination she shows some 
25% residual deficit, manifested chiefly by spastic in- 
coordination of gait and similar but less marked inco- 
ordinatio.. of the arms. The deep leg reflexes are increased 
to near clonus, but there is no Babinski sign. Arm 
reflexes are moderately increased and abdominal reflexes 
absent. Smell is completely lost but all other sense 
modalities are intact and other cranial nerves normal. 


Psychological Findings.—The patient was examined 
psychologically in April, 1955. From the standpoint of 





20 WILLIAM BEECHER SCOVILLE AND BRENDA MILNER 


memory, this patient presents a complete contrast to the 
cases reported above, obtaining excellent scores for both 
immediate and delayed recall of stories, drawings, and 
word associations, and describing accurately episodes 
from the relatively early post-operative period. The 
memory quotient of 125 is consistent with the I.Q. level 
of 122, and both would be classed as superior. This is so 
despite prolonged psychosis, intensive electro-shock 
therapy, and brain-stem damage of undetermined extent. 


Case 10, E. G.—This 55-year-old woman developed 
malignant oedema after removal of a huge, saddle-type 
meningioma from the right sphenoid ridge; the pupils 
were dilated, she lost consciousness, and vital signs began 
to fail. A diagnosis of incisural hippocampal herniation 
was made, and, as a life-saving measure, unilateral non- 
dominant inferior temporal lobectomy was carried out, 
with deliberate resection of the hippocampus and hippo- 
campal gyrus to a distance of 9 cm. from the tip of the 
temporal lobe. (The operative procedure is illustrated 
in Fig. 5.) Vital signs improved immediately and con- 
sciousness gradually returned, but for a few weeks the 
patient showed a disturbance of recent memory resembling 
that seen in our bilateral cases. However, follow-up 
studies in April, 1955, 16 months after operation, showed 
no residual memory loss. Both immediate and delayed 
recall were normal and the memory quotient of 90 was 
completely consistent with the 1.Q. level of 93. Neuro- 
logical examination at this time showed a left homony- 
mous visual field defect with macular sparing but no 
other deficit. 


Discussion 

The findings in these 10 cases point to the impor- 
tance of the hippocampal region for normal memory 
function. All patients in this series having bilateral 
medial temporal-lobe resections extensive enough 
to damage portions of the hippocampus and hippo- 
campal gyrus bilaterally have shown a clear and 
persistent disturbance of recent memory, and in the 
two most radical excisions (in which the posterior 
limit of removal was at least 8 cm. from the temporal 
tips) the deficit has been particularly severe, with no 
improvement in the two or more years which have 
elapsed since operation. These observations suggest 
a positive relationship between the extent of destruc- 
tion to the hippocampal complex specifically and 
the degree of memory impairment. The correlation 
is not perfect, since D. C., who had only a 5-5 cm. 
removal, showed as much ?+ficit as did the two cases 
of most radical excision. Moreover, in the absence 
of necropsy material we cannot be sure of the exact 
area removed. 

In all these hippocampal resections the uncus and 
amygdala have also of course been destroyed. Never- 
theless the importance of the amygdaloid and peri- 
amygdaloid region for memory mechanisms is open 
to question, considering the total lack of memory 
impairment in the bilateral uncectomy case (I. S.), 


in which a 4 cm. medial-temporal lobe remova! was 
made. But not enough is known of the effects of 
lesions restricted to the hippocampal area itself to 
permit assessment of the relative contributions of 
these two regions. This is a question on which 
selective ablation studies in animals could well shed 
important light, but unfortunately the crucial ex. 
periments have yet to be done (Jasper, Gloor, and 
Milner, 1956). 

The role of the hippocampus specifically has been 
discussed in some clinical studies. Glees and 
Griffith (1952) put forward the view that bilateral 
destruction of the hippocampus in man causes recent- 
memory loss and mental confusion, citing in support 
of this a somewhat unconvincing case of Griinthal 
(1947) and also a case of their own in which the 
hippocampus, the hippocampal and fusiform gyri, 
and 75% of the fornix fibres had been destroyed 
bilaterally by vascular lesion, but in which the rest 
of the brain appeared normal at necropsy. In- 
terestingly enough, the amygdaloid nuclei were found 
to be intact as were the mamillary bodies. This 


patient showed marked anterograde and retrograde 
amnesia. 

More recently Milner and Penfield (1955) have 
described a memory loss similar in all respects to 
that shown by our patients, in two cases of unilateral 
partial temporal lobectomy in the dominant hemi- 


sphere. In one case the removal was carried out in 


two stages separated by a five-year interval, and the & 


memory loss followed the second operation only, at 
which time the uncus, hippocampus, and _hippo- 
campal gyrus alone were excised. Although these 
authors had carried out careful psychological testing 
in over 90 other cases of similar unilateral operation, 
only in these two cases was a general memory loss 
found. To account for the unusual deficit, they have 
assumed that there was in each case a pre-operativel) 
unsuspected, but more or less completely destructive 


lesion of the hippocampal area of the opposite hemi- F 
sphere. The unilateral operation would then deprive F 


the patient of hippocampal function bilaterally, thus 
causing memory loss. 
strong support for this interpretation. 


Memory loss after partial bilateral temporal 9 
lobectomy has been reported by Petit-Dutaillis, § 
Christophe, Pertuiset, Dreyfus-Brisac, and Blanc f 
(1954) but in their patient the deficit was a transient ¥ 
one, a finding which led these authors to question } 
the primary importance of the temporal lobes for | 
However, their temporal lobe | 
removals were complementary to ours in that they | 
destroyed the lateral neocortex bilaterally but spared 7 


memory function. 


the hippocampal gyrus on the right and the uncus 
and hippocampus on the left. It therefore seems 


likely that the memory loss was due to temporary | 


The present study provides 
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interference with the functioning of the hippocampal 
system, which later recovered. 

We have stated that the loss seen in patients with 
bilateral hippocampal lesions is curiously specific to 
the domain of recent memory; neither in our cases 
nor in those of Milner and Penfield was there any 
deterioration in intellect or personality as a result 
of hippocampal resection. It appears important to 
emphasize this, since Terzian and Dalle Ore (1955) 
have described gross behavioural changes (affecting 
memory, perception, and sexual behaviour) after 
bilateral temporal lobectomy in man; they consider 
these changes comparable to Kliiver and Bucy’s 
(1939) findings after radical bilateral temporal lobec- 
tomy in the monkey. But Terzian and Ore included 
not only the uncal and hippocampal areas, but also 
the lateral temporal cortex in their bilateral removal. 
In contrast to the grossly deteriorated picture they 
describe, we find that bilateral resections limited to 
the mesial temporal region cause no perceptual dis- 
turbance, even on visual tests known to be sensitive 
to unilateral lesions of the temporal neocortex 
(Milner, 1954). 


The findings reported herein have led us to 
attribute a special importance to the anterior hippo- 
campus and hippocampal gyrus in the retention of 
new experience. But the hippocampus has a strong 
and orderly projection to the mamillary bodies 
(Simpson, 1952), and as early as 1928 Gamper 
claimed that lesions of the mamillary bodies were 
' commonly found in amnesic states of the Korsakoff 
type. Moreover, Williams and Pennybacker (1954) 
have carried out careful psychological studies of 
180 patients with verified intracranial lesions ‘and 
find that a specific deficit in recent memory is most 
likely to occur when the lesion involves the ma- 
millary region. It is possible, then, that when we have 
two interrelated structures (hippocampus and ma- 
| millary bodies) damage to either can cause memory 
loss, a point which has been emphasized by Jasper 
and others (1956). In view of these findings it is 
interesting that sectioning the fornix bilaterally, and 
thereby interrupting the descending fibres from the 
hippocampus, appears to have little effect on be- 
haviour (Dott, 1938; Garcia Bengochea, De la 
Torre, Esquivel, Vieta, and Fernandez, 1954), 
though a transient memory deficit is sometimes seen 
(Garcia Bengochea, 1955). 


To conclude, the observations reported herein 
demonstrate the deleterious effect of bilateral sur- 
gical lesions of the hippocampus and hippocampal 
gyrus on recent memory. The relationship between 
this region and the overlying neocortex in the tem- 
poral lobe needs further elucidation, as does its 
rela‘ionship to deeper-lying structures. 


Summary 

Bilateral medial temporal-lobe resection in man 
results in a persistent impairment of recent memory 
whenever the removal is carried far enough pos- 
teriorly to damage portions of the anterior hippo- 
campus and hippocampal gyrus. This conclusion is 
based on formal psychological testing of nine cases 
(eight psychotic 4nd one epileptic) carried out from 
one and one-half to four years after operation. 

The degree of memory ioss appears to depend on 
the extent of hippocampal removal. In two cases 
in which bilateral resection was carried to a distance 
of 8 cm. posterior to the temporal tips the loss was 
particularly severe. 

Removal of only the uncus and amygdala bilater- 
ally does not appear to cause memory impairment. 

A case of unilateral inferior temporal lobectomy 
with radical posterior extension to include the major 
portion of the hippocampus and hippocampal gyrus 
showed no lasting memory loss. This is consistent 
with Milner and Penfield’s negative findings in a 
long series of unilateral removals for temporal-lobe 
epilepsy. 

The memory loss in these cases of medial tem- 
poral-lobe excision involved both anterograde and 
some retrograde amnesia, but left early memories 
and technical skills intact. There was no deteriora- 
tion in personality or general intelligence, and no 
complex perceptual disturbance such as is seen after 
a more complete bilateral temporal lobectomy. 

It is concluded that the anterior hippocampus and 
hippocampal gyrus, either separately or together, 
are critically concerned in the retention of current 
experience. It is not known whether the amygdala 
plays any part in this mechanism, since the hippo- 
campal complex has not been removed alone, but 
always together with uncus and amygdala. 
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THE RECURRENCE OF INTRACRANIAL MENINGIOMAS 
AFTER SURGICAL TREATMENT 


BY 


DONALD SIMPSON 
From the Department of Neurological Surgery, Radcliffe Infirmary, Oxford 


The meningiomas are justly considered to be 
among those intracranial tumours most amenable 
to treatment, and if the difficulties, often formidable, 
attending their removal can be overcome, there is 
good- prospect of a permanent cure. However, in 
occasional cases, late recurrences do take place, even 
after resections appearing entirely satisfactory to the 
surgeon responsible. This is not a common mis- 
fortune, but neither is it rare enough to be negligible. 
Considerable interest attaches to the tumours which 
recyr after seemingly adequate treatment. They 
present important practical problems in prophylaxis 
and if, management. And they are most instructive 
as- s§udies in the biology of the meningiomas 
generally. 

Mést neurosurgeons have experienced the dis- 
appointment of such recurrences. Horsley (1893), 
Ballance (1907), and Krause (1910-12), while stress- 
ing the innocence of the tumours they designated 
fibromas, endotheliomas, or dural sarcomas, all 
mention their occasional unexpected recurrence. 
Initially, little importance was attached to these 
recurrences, but as neurosurgical technique im- 
proved and the number of survivals increased, they 
attracted more attention. Craig, in 1927, first em- 
phasized the variations in the natural history of the 
meningiomas, and separated a group whose histology 
and behaviour he considered frankly malignant. 
Taylor (1928) also challenged contemporary belief in 
the innocence of the meningiomas. It was, however, 
in the great monograph of Cushing (1938) that the 
behaviour of the meningiomas and their disposition 
to recur were most fully discussed. Cushing ap- 
parently began his surgical career with the conviction 
that the meningiomas are highly benign tumours: 
he ultimately came to treat them with the greatest 
respect, as prone to infiltrate locally and to recur 
from such infiltrations. In 43 of his 295 cases, re- 
operation for ‘‘ actual or symptomatic ’’ recurrence 
was necessary, and 76 patients died at home with 
incompletely removed tumours. Cushing unfortu- 
nately does not state the incidence of recurrence 















after operations which had appeared to him as to 
removals: but analysis of his tabulated cases sugges 
that it was not less than 15%. He and Eisenhar 
presented a complex histological classification 
which was specifically intended as a guide to thg™ all 
biological behaviour of the tumours, but  theg'U" 
nevertheless recognized the limitations of the histog™4lit 
logical assessment. inad¢ 

This monograph remains the prime source fo 
any study of the meningiomas. Since its publicatio 


treatment of meningiomas; in most of these 
development of recurrence is mentioned. There 


body of literature suggests, however, that there i 
still difference of opinion on several questions 0 
fundamental importance. 

(1) There is no agreement on the frequency offi 
significance of recurrence. Very few contemporar 
surgeons have given the incidence of recurrence in 
their material. Olivecrona (Olivecrona, 1947) i 
Hoessly and Olivecrona, 1955) thought that with his 
parasagittal meningiomas the recurrence rate was 
under 10%; his figures are, however, admittedly 
incomplete, since they do not comprehend patients} onl 
dying at home. Grant (1954) reported 13 delayed§ ho 
deaths due to tumour growth in 219 cases, all aftem§ var 
‘* incomplete removals ’’. He refers to these fatalities Mc 
as deaths from recurrence, and very properly, since§ prc 
one may speak of a symptomatic recurrence evetf tor 
after an operation known to have been incomplete§ ma 
But it is not possible to determine from his accounlf wil 
whether these “ incomplete removals” had _ beetf me 
recognized as such initially, or whether they hadf cu 
appeared complete resections at the original opera sy: 
tion. This is a crucial distinction. The same uncer in: 
tainty vitiates (for this particular purpose) the repor§ an 
of Horrax and Strain (1952), who mention nine§ th 
fatal recurrences in 168 cases. Moreover, in neither} de 
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port is it clear how many non-fatal recurrences 
ere encountered. There is also great difference in 
e emphasis attached to the problem: some pass it 
ver as of little moment, while others, like Fincher 
1954), lay very great weight on it. 


(2) There is also much uncertainty as to the causes 

f recurrence, especially their relative importance. 
t is generally agreed that some meningiomas are 
jinically malignant, as witnessed by rapid growth, 
nvasive tendency, and, rarely, extracranial meta- 
tasis. Winkelman, Cassel, and Schlesinger (1952) 
ound 10 acceptable examples of metastasis, to 
hich may be added the cases reported by Christen- 
n, Klaer, and Winblad (1949), Swingle (1949), 
ymon and Becker (1949), Cross and Cooper 
1952), Shozawa (1952), Ziilch, Pompeu, and Pinto 
1954), Rosen and Branch (1954), and Lima (1951), 
in all at least 19. But whether in practice clinical 
recurrences are more likely to result from the intrinsic 
malignancy of the tumours, rather than from the 
inadequacy of the surgical resections, is still dis- 
putable. 


(3) There is no unanimity on the biological sig- 
nificance attachable to the histological appearances 
in a given tumour. Thus, Turner, Craig, and 
Kernohan (1942) claim a close correlation between 
clinical course and histology, whereas Folke 
Henschen (1955) found no constant relationship. 
The possibility that microscopic assessment may be 
supplemented by study of the angioarchitecture of 
ifthe living tumour, as seen in angiograms, is also 
controversial. If a definite assessment of the poten- 
tialities of a particular tumour could be made, and 
its liability to recur were considered high, the 
propriety of carrying out a more radical resection 
in}would arise, and perhaps even of prophylactic 
|, irradiation, though these tumours are not generally 
is} considered radio-sensitive (McWhirter and Dott, 
1955). 

Some of these differences of opinion are differences 
only in emphasis without basic disagreement. Others, 
however, are more profound, and raise issues rele- 
vant to the operative treatment of the meningiomas. 
Moreover—and few writers have given this its dv 
 prominence—a just appreciation of the natural his 
tory of the disease is essential in post-operative 
Management. The likelihood that a given tumour 
will recur must be kept in mind, because recurrent 
meningiomas may present serious diagnostic diffi- 
culties. This is particularly so when the only 
> symptom is epilepsy and the bulk of the tumour is 
~ insufficient to distort the ventricular or arterial 
} anatomy, as may occasionally be the case. It seems 

therefore worth while to present the conclusions 
derived from a study of the problem of recurrence 
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begun several years ago, out of concern at the 
apparent frequency of recurrence with meningiomas, 
especially those in the parasagittal group. 


Material 

Between April, 1938, and December, 1954, 242 
cases of intracranial meningioma were treated in the 
Department of Neurological Surgery at the Radcliffe 
Infirmary, excluding patients with spinal and primary 
intraorbital meningiomas. In all, the diagnosis was 
confirmed either at operation or at necropsy; in all 
save two verification by microscopy has been 
obtained and reviewed by the writer. These patients 
are the basis of the investigation reported here. They 
are referred to as the Oxford series. 

When the analysis of this series was completed, 
it was realized that the lack of any cases surviving 
more than 17 years was a serious drawback. For 
this reason, the intracranial meningiomas treated by 
Sir Hugh Cairns when in London, between 1928 and 
1938, have also been considered. There were 97 of 
these. However, they were found to constitute less 
satisfactory material. This was partly because of 
difficulties in following the patients up, and partly 
because the tumours seem to a degree a selected 
group, malignant behaviour being unduly rare with 
them. They have therefore been separately desig- 
nated as the London series, and only limited use has 
been made of them. 

The material thus available can be examined from 
two aspects. First, the analysis of the ultimate fates 
of those patients surviving operation gives the inci- 
dence of recurrence and its practical significance. 
For this purpose, the survivors in both series have 
been considered, and their fates determined. This 
was an unexpectedly difficult enterprise. It has been 
possible to trace all the cases of the Oxford series, 
though in two the information obtained is meagre. 
The patients in the London series were more elusive, 
many having been dispersed by the war, and 10 
have not been found. It is very probable that some 
of those still missing are living yet, but it seems best 
to exclude them. Second, the pathological findings, 
both operative and at necropsy, in the Oxford series 

ave been personally reviewed. Analysis of all these 
gives a background against which the pathology of 
those tumours which have recurred can be studied. 
Clinical data relevant to the prophylaxis of recur- 
rence have been taken from the Oxford series, and 
are briefly considered in conclusion. 


Terminology 
As far as possible Cushing’s (1938) terminology 
has been used. His method of regional classification 
has also been employed, save in that no separate 
identification of the few peritorcular tumours has 
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seemed needful. Table I shows the incidence accord- 
ing to this system, with, for comparison, the series 
published by Cushing (1938) himself and by Olive- 
crona (1947). More controversial is the definition of 
what constitutes a meningioma. It is, after all, 
merely a term of convenience, without any precise 
histogenetic implication. Some pathologists extend 
it to comprehend diffusely spreading non-gliomatous 

















TABLE I 
REGIONAL INCIDENCE 
” London | Oxford | Cushing | oo 
ite Series Series (1938) (1947) 
| 

Posterior fossa 8 2. oe. | ae 
Subtemporal 1 8 | . a 

Sphenoid ridge 
(a) global 14 32 37 96 
(6) enplaque 2 9 16 15 
Suprasellar 7 14 28 42 
Olfactory groove 12 14 29 46 
Convexity 20 47 54 91 
Parasagittal and peritorcular 27 80 77 143 
Falx 2 6 7 62 
Intraventricular 2 4 4 18 
Other a | 1 6 | 6 

97 242 
Totals ae 

339 294 608 











malignant tumour (cf. Globus, Levin, and Sheps, 
1944). Others narrow it by excluding the angio- 
blastic tumours (cf. Kernohan and Sayre, 1952). 
Here, in an attempt to conform with ordinary 
clinical usage, the term is applied to those circum- 
scribed tumours with meningeal or choroidal attach- 
ment, whose histology suggests, or is at least com- 
patible with, an origin from the cells of the arachnoid 
villi. This is to include tumours composed of 
endothelial cells, fibroblastic tumours, and vaso- 
formative tumours, however anaplastic. Two 
clinically malignant connective tissue tumours have 
been excluded because, though they were not of 
gliomatous character nor metastatic, it was not 
possible to say from what mesenchymal tissue they 
arose. 

Finally, the term “ recurrence ”’ is used in a purely 
clinical sense to imply the reappearance of symptoms 
due directly to tumour growth after a period of sym- 
tomatic relief. So used, it has no pathological 
specificity, and though of course such a recurrence 
usually means the continued growth of an incom- 
pletely excised tumour, yet it may also be extended 
to cover patients whose symptoms return because of 
a second primary meningioma. It is not always 
possible in a given case to decide which process is 
responsible. 


Frequency of Recurrence 
In the Oxford series, 235 cases came to operation; 
in the remainder, only diagnostic procedures were 
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carried out. Thirty (13%) died within six month comp 
This figure overestimates the real surgical mortality exten: 
since it comprehends a few patients dying from inter.) the p 
current disease or continued tumour growth afte—) Gr; 
their discharge from hospital. But for the presen plete 
purpose, survivals of less than six months cannot && resect 
considered as worth-while clinical remissions, and} ajterr 
they are therefore excluded. In the earlier London® jnyad 
series, the operative mortality was naturally greater, Gr 
and only 70 patients survived more than six months, strat 
Of these, 10 are excluded because untraced, leaving f 
in the two series together 265 patients in whom the Gr 
possibility of recurrence can arise. =~ 
It seems that 55 of these patients have developed Su 
symptomatic recurrences, 44 in the Oxford series f§ clabc 
and 11 in the London series. It is true that histo. f} betw 
logical verification, from biopsy or necropsy, is and | 
lacking in 21 instances. These are mainly patients} It 's 
dying at home or in other centres, whose Ceathsf) 20 
were certified as due to intracranial tumour. Some ™ 
doubt must arise as to the accuracy of such certifica- fF) 84U' 
tion. Hoessly and Olivecrona (1955), faced with the) sea! 
same problem, thought it impossible to sift the—) '™P! 
deaths by recurrence from those due to unrelated : the « 
disease. I have, however, felt it wisest to accept thf, 4’ 
opinion of the attendant physician, amplified where !t 
possible by personal enquiry, though with some — ™O0S 
reservations in four cases. To offset this possibility B} 6" 
of error, it is very probable that several of the 10 ible 
cases untraced also died of recurrence. I believe,f) ‘hat 
therefore, that this estimate is substantially correct,§) W 
and that in the combined series the incidence off} °P© 
recurrence is about 21 %. im sup 


This is a high incidence, and becomes even higher ‘ rese 


if cases treated recently are excluded. It is, however,) do | 
inflated by the inclusion of recurrence developing) the 
after resections known to have been incomplete.f% 5! 
These are symptomatic recurrences as here defined, ? falx 
but their significance is much less than that off} S48! 
recurrences after apparently complete removals, and F SO, 
it is necessary to analyse the operative procedures | falx 
more minutely. @ lob 

Some were thought by the surgeon to be complete; wit! 
some were extensive but left aside small residua; 7% olf 
some were frankly incomplete. From the very (§ °P* 
detailed descriptions recorded by Sir Hugh Cairns, § = 


Mr. J. Pennybacker, and their assistants, it is possible 
to identify five fairly distinct grades of operation. | 
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Grade I.—This is a macroscopically complete © 
removal of the tumour, with excision of its dural § 
attachment, and of any abnormal bone. Where the 
tumour arises from the wall of a dural venous sinus, 
such an operation necessarily entails resection of 
the sinus. 









Grade [I.—This denotes a macroscopically 7 










e 
t 
i 
t 
ue 
£ 





RECURRENCE OF INTRACRANIAL MENINGIOMAS 25 


complete removal of the tumour and of its visible 
extensions, with endothermy coagulation (usually to 
the point of charring) of its dural attachment. 


Grade III.—This denotes a macroscopically com- 
plete removal of the intradural tumour, without 
- resection or coagulation of its dural attachment, or 
alternatively, of its extradural extensions, e.g., an 
invaded sinus or hyperostotic bone. 


Grade IV.—This denotes a partial removal, leaving 
intradural tumour in situ. 


Grade V.—This is a simple decompression, with 
} or without biopsy. 

Such a subdivision may be thought over- 
elaborate. But it is essential that some distinction 
between operations of varying scope should be made, 
and this seems a convenient, even a natural, grading. 
It is of course true that the surgeon’s assessment is 
not always correct, especially with the deeper 
? tumours. However, the main purpose of this investi- 
gation is the study of the unforeseen, usually unfor- 
seeable, recurrence, and therefore the operative 
impression, sometimes modified by examination of 
the excised specimen, must be the standard. 

An operation of Grade I is radical treatment. 
) It was possible to carry out such operations with 
» most of the tumours of the cerebral (or cerebellar) 
convexity, since their dural attachments are access- 
ible and unrelated to a major venous sinus. Less 
than a quarter of the parasagittal and falx tumours 
were so treated. With the parasagittal tumours an 
> operation of Grade I entailed resection of the 
> superior longitudinal sinus, and usually a complete 
resection, although it was rarely found sufficient to 
do a marginal resection without total occlusion of 
the sinus. The dangers of resecting the patent 
sinus are well known. The primary tumours of the 
falx, by definition, do not arise from the walls of the 


') sagittal sinus and may never encroach on them; even 


"§ so, there is a natural reluctance to excise the free 
> falx opposite the striate cortex or the paracentral 
| lobule. Grade I operations were very rarely possible 
with tumours of the sphenoidal ridge, posterior fossa, 
olfactory groove, and suprasellar region. In all, 90 
operations of this grade were carried out; in 81 cases 
these were primary operations, and in nine opera- 
tions on recurrent tumours. There have been eight 
recurrences after operations of this grade, seven 
» verified and one rather questionable. 

) Fig. 1 shows their regional distribution. Two 
tumours of the sphenoidal ridge recurred, although 
their dural attachments had been stripped off, and 
all suspicious bone nibbled away. Two para- 
Sagittal meningiomas, one already recurrent after 
less radical surgery, have recurred despite block 
resection of sinus and falx. Two tumours of the 


cerebral convexity are thought to have recurred: 
in one the recurrence was verified at operation, but 
in the other, a case in the London series dying 
12 years after the original resection, there is some 
doubt over the diagnosis. A tumour of the cere- 
bellar convexity has recurred twice. The incidence 
even after this radical procedure, which would 
appear to meet the surgical ideal for these tumours, 
is thus 9%. If cases treated in the last five years 
are excluded, the incidence is unchanged, because 
two recent cases have already recurred. It is never- 
theless reasonable to assume that this figure of 9% 
is a minimum estimate, and that a few other tumours 
in this group will eventually recur. The average time 
elapsing between primary operation and confirma- 
tion of recurrence was 62 months in the verified 
cases, the longest interval being 134 years and the 
shortest 13 months. 

Operations of Grade II are usually considered as 
satisfactory treatment. But it is clear that to rely on 
the diathermy coagulation as a destructive agent is 
to admit an uncertain factor. One patient in the 
Oxford series died in a road accident a year after 
the removal of an olfactory groove meningioma. 
Necropsy showed no visible tumour remnants. The 
dural attachment, which had been carefully coagu- 
lated, was examined in serial sections, and no tumour 
cells were found. But in the underlying bone nests 
of viable meningioma tissue were clearly seen. For 
what it is worth, this suggests that the diathermy 
coagulation is able to deal efficiently with invasion 
of the dura mater, but that it will not sterilize any 
more remote spread. And this accords with clinical 
experience. 

Grade II resections were carried out on 114 occa- 
sions (107 primary operations and seven operations 
for recurrent tumours). Most of the parasagittal 
meningiomas were so treated (Table II). Grade Il 
resection was the only radical procedure possible 
with the tumours of the olfactory groove, and with 


TABLE II 


RADICAL OPERATIONS AND INCIDENCE OF 
RECURRENCE IN a SITES (COMBINED 
ERIES) 





Grade II 


No. of 
Recur- 
rences 


Grade I 


| No. of | No. of % 
| Opera- | Recur- 
| tions | rences 





No. of 
Opera- 
tions 


Site 





Parasagittal and | 21 69 12 
falx 





Convexity and in- 
traventricular 





Basal 
Sphenoidal ridge 
Subfrontal 
Subtemporal 
Posterior fossa 
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Fic. 1.—Diagram showing operation grading, survival time, and 


all save one of the suprasellar tumours: this was so 
because the removal of their dural attachments 
would have laid bare the ethmoid air cells. It was 
also the procedure of expediency with most of the 
tumours of the sphenoidal ridge and of the posterior 
fossa, including ail those in the cerebello-pontine 
angle that could be removed satisfactorily. 

There were 18 recurrences after such resections. 
Fourteen have been confirmed at operation or 
necropsy; in the other four the diagnosis rests on 
clinical findings—fairly securely in three, but much 
less so in the fourth. This gives a recurrence rate of 
16%, or 19% if cases treated in the last five years 
are excluded. The average time elapsing before con- 
firmation of recurrence (in verified cases only) was 
59 months, the extremes being 13 years and 26 
months. It is worth noting that of all the recurrences 
after operations of Grades I and II, only four came 
with a latent period of 10 years or more, and none 
exceeded 15 years. This is not to say that much 
delayed recurrence is impossible. The literature 
contains instances. But it does appear uncommon: 
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OPERATIONS OF 


All are patients surviving six months or more and known to have been alive and well at or after Christmas, 1953. 











i 


7+1 





frequency of recurrence in the combined Oxford and London series. 


there are enough long survivals in the London series 
to have provided examples if it were not. 

In Table II operations of Grades I and II are 
compared. The superiority of a Grade I operation, 
i.e., a Sinus resection, with parasagittal tumours is, 
of course, self-evident. It must be emphasized, 
moreover, that the operations of Grade II include 


none in which an obviously invaded sinus was left § 


untreated: such operations are all classed in Grade 
III. 
factory resections to the surgeons responsible, and 
there were indeed many cases in which an entirely 
favourable prognosis was given. Table II also shows 
the frequency of recurrence of the basal tumours; 
it appears relatively high both with operations of 
Grade I and Grade II, which suggests that where 
there is no question of a major sinus being invaded, 
the diathermy current is a reliable weapon. 

The remaining operations, those of Grades III, 
IV, and V, cannot be considered radical, and it may 


be supposed that cases so treated will inevitably} 
develop symptomatic recurrences, soon or late. q 





























All these Grade II resections appeared satis- § 
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Practical interest centres on the factor of time: these 
less ambitious resections have given a few very 
prolonged survivals. From the biological standpoint 
they also give a better concept of the growth rate 
of the meningiomas than can be obtained in any 
other way. 


The 24 tumours treated by operations of Grade III 
had, by definition, dural or extradural extensions 
which were not resected. In the majority these were 
osseous: notably, nine were sphenoidal ridge 
tumours en plaque, with hyperostosis too extensive 
for complete removal. Six were parasagittal tumours: 
in these, either the operation spared a venous sinus 
known to be invaded, or it was carried out with no 
attention to the possibility of such invasion. In the 
whole group there have so far been three verified 
recurrences and four unverified, but almost in- 
dubitable. An eighth case is also at present under 
suspicion. This is an incidence of only 29%. More- 
over, the graph of survivals (Fig. 1) shows a few 
very good long-term results, mostly with patients in 
» whom the residue is hyperostotic bone. Sphenoidal 
ridge tumours en plaque have indeed done well; there 
may be radiological evidence of continued growth 
over the years, but in only one case has there been 
a serious recurrence. 


In 51 cases, resection of the intradural tumour 
was frankly incomplete. The operations ranged 
widely in magnitude, from those in which the residue 
was estimated as “ only a thin shell ”’’ or “ a couple 
of tags ’’, to those in which at least half the tumour 
was left in situ. Necropsies have, however, shown 
that such estimates are wholly unreliable, and no 
effort is made to subdivide these resections, which 
are all classed in Grade IV. Various reasons dictated 
these incomplete procedures: most common was a 
fear of injuring the great branches of the circle of 
Willis. When the vascular relations of the tumour 
} are so intimate a total eradication may be really 
impossible, and it is therefore of importance to know 
the probable results of subtotal operations. There 
have in fact been 20 recurrences after operations of 
Grade IV, mostly fatal, and in 12 instances un- 
verified. This gives a recurrence rate of 39%, or 
44° if cases treated in the last five years are excluded. 
Intercurrent disease appears to have carried off 
several other patients who might be expected to 
have died of continued growth had they lived longer. 
A further hazard not brought out by these figures is 
that the incompleteness of a resection may in itself 
be a danger; several post-operative deaths came 
from brain-stem compression unrelieved by the 
partial excision of a deep-lying tumour. For all this, 
the limited resections have given a few pleasing 
results. Thirteen patients (26%) have lived 10 years 


or more; nine of these passed 15 years. The London 
series provides two instructive illustrations of the 
indolence sometimes exhibited by these tumours. 
One man had a sphenoidal ridge tumour, of global 
type, about S5cm. in diameter, adherent to the 
cavernous sinus and infiltrating into the pterygoid 
region. It was found impossible to remove it all, 
and the surgeon resp~nsible believed that the residue 
(which he charrec with the diathermy electrode) 
represented a quarter of the whole. It was naturally 
feared that the patient would die from his tumour. 
In fact, however, for 18 years, he lived and died 
of an accident; necropsy showed a residual menin- 
gioma no larger than a walnut. The other case was 
a woman with a suprasellar meningioma. About 
two-thirds of this, by operative estimate, were 
removed in 1935. She was left with severe visual loss, 
but there is no evidence that this progressed, nor 
any record of other complaints, until her death 
(suicidal) in 1955. Necropsy showed a massive 
suprasellar meningioma; this must have been 
silently growing for the previous 21 years, but was 
still not dangerous to life. 

Simple decompression alone (operation of Grade 
V) may occasionally prolong life. It was the resort 
in a few cases, usually because of torrential bleeding. 
Nine survived more than six months, and two of 
these lived for seven and nine years respectively, 
before developing symptomatic recurrences. 

Some prominence has been given to these cases, 
because they illustrate the extreme variations in the 
natural history of the meningiomas. The indolence 
exhibited by some is exemplified by these long sur- 
vivals: on the other hand, one of the frankly malig- 
nant recurrent tumours grew in 13 months from a 
vestige invisible to the eye to a mass 6 x5 x4 cm. in 
size. This variability in the natural history of the 
disease makes the general evaluation of any form of 
treatment difficult. It also makes the possibilities 
of predicting the growth-rate of a particular tumour 
of great clinical interest. 


The Pathological Basis of Recurrence 

The 246 cases in the Oxford series have given 
material for an analysis of the pathology of the 
meningiomas. In 198 cases there are the operative 
descriptions, often illustrated, and the biopsy spcci- 
mens; in 41 there are also the records and specimens 
from necropsies done at varying times after opera- 
tion; and seven cases came to necropsy without 
previous operation. Some of our patients died in 
remote hospitals, and_ it is likely that in several 
instances infiltration of ‘adjacent structures escaped 
record. For this reason, the figures to be reported 
probably underestimate the infiltrative powers of the 
tumours. 
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The general pathology of the meningiomas has 
been frequently described, and it would be impossible 
to amplify such magnificent studies as that of 
Henschen (1955). There are, however, certain points 
relevant to the recurrence of these tumours which 
need emphasis. 

First, their gross anatomy can make a total 
eradication extremely difficult. When they are 
smooth-surfaced, enucleation is easy; when they are 
nodular, as was the tumour shown in Fig. 2, a 
nodule embedded in brain can be detached and over- 
looked. Good technique will, however, usually avoid 
this. A similar danger is presented by the tendency 
of global meningiomas to form miniature plaque- 
like extensions in the subdural space. This was found 
in at least 21 cases (8-5%), excluding those 11 
meningiomas wholly en plaque in form. Usually the 
subdural extension is a thin, flat fringe extending 
from the periphery of the dural attachment for a 
centimetre or so, lying on but not infiltrating the 
arachnoid (Fig. 3). This fringe can adhere to the 
maninges after the removal of the main tumour. 
This has been actually seen to occur. A vestige of 
such a fringe, if it were viable, would probably lead 
to a recurrence centred on the margin of the original 
tumour, a situation in fact occupied by several of the 
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Fic. 2.—-A sphenoidal ridge meningioma, showing the characteristic 
nodularity and the intimate relationship with the vessels of the 
circle of Willis. 


recurrent meningiomas in this series. In several cases 
the subdural fringe was much thicker and far- 
spreading, even in one instance flowing over the 
whole hemisphere from base to midline. 

But these formations (seen particularly with the 
superficial tumours) are comparatively innocuous. 
Far worse manifestations of the tendency of menin- 
giomas to burrow along favourable tissue planes are 


Fic. 3.—A bifrontal parasagittal meningioma, showing 


the typical subdural fringe (x). Operation sketch. 
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seen with the basal tumours. These are, as is well 
known, apt to envelop the great vessels of the circle 
of Willis, the cranial nerves, and the hypothalamus. 
This behaviour may make such tumours obviously 
inoperable. It could also defeat an apparently 
successful operation: unobtrusive extensions through 
the tentorial hiatus, around the carotid artery, or 
anterior to the pons might again be overlooked. 
There is, however, no definite evidence that this did 
occur in this series; what did happen on a number 
of occasions was catastrophic injury to great vessels, 
caused in an attempt at a perfect removal. This 
accounted for at least eight of the 30 operative and 
post-operative deaths in the Oxford series. 

These are all expressions of non-infiltrative 
growth. It is, however, to be emphasized that the 
meningiomas, even those in other respects most 
benign, are also capable of infiltrative growth. The 
| dural attachments were invaded in a very large 
number of cases. It is indeed wise to assume that 
there is always dural penetration, although in a few 
instances none was actually seen in a limited exami- 
nation. Usually the dura wide of the actual area of 
attachment is uninvaded; but rarely the meningioma 
cells may spread more diffusely and invace dura 
that is to the naked eye normal. However, this is a 
highly unusual misfortune. 

Invasion of a great dural venous sinus was con- 
firmed in 34 cases (14°), and very strongly suspected 
ina further six. In the majority, it was the superior 
longitudinal sinus. Invasion of this vessel was found 


Fic. 4.—A meningioma of the sphenoidal ridge invading the caver- 
nous sinus and the walls of the trigeminal ganglion. 
(Haematoxylin and eosin x 90.) 


in about 40% of the parasagittal tumours, and, as 
will be seen, accounts for many recurrences after 
operations of Grade II. Involvement of transverse, 
sigmoid, and cavernous sinuses was, however, not 
uncommon. In Figs. 4 and 5 sections of a very well- 
differentiated meningioma are seen, invading the 
cavernous sinus and even the walls of Meckel’s cave. 

Besides this manifestation of intradural spread, 
the meningiomas also exhibit transdural growth, and 
particularly relevant is their tendency to grow across 
the great dural septa, the falx, and the tentorium. 
This was found in 25 cases (10%), and this may well 
be an underestimate. Such spread is referred to 
here as trans-septal extension, and is considered to 
be of much importance. 

Invasion of bone is a commonplace finding. In 
this series there were hyperostoses in some 79 cases 
and bony erosion in 21; there were thus gross bony 
abnormalities (usually visible radiologically) in 36°%. 
In 50 cases there was microscopical proof of in- 
filtration of bone, and this again is certainly an 
underestimate, because not all the hyperostoses 
were examined adequately. Fig. 6 shows a typical 
conical endostosis, partially (but not wholly) per- 
meated by a fibroblastic meningioma, microscopi- 
cally of apparent innocence (Fig. 7). Beside bone, 
many other extradural structures may be penetrated. 
The orbital cavity was invaded in seven cases, the 


Fic. 5.—The same tumour. It is of endotheliomatous type, well 
differentiated and apparently of slow growth-rates. 
(Haematoxylin and eosin x 210.) 
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Fic. 6.—The hyperostosis overlying a meningioma of the cerebral 
convexity. There is penetration by tumour cells. 
(Haematoxylin—Van Gieson x 5.) 


Fic. 8.—Invasion of the anterior pituitary by a subtemporal mening- 
ioma. 


(Haematoxylin and eosin x 210.) 


temporalis muscle in six. The paranasal air sinuses 
were involved in five cases, the middle ear in two. 
In one of the latter there was finally a neoplastic 
polypus in the external auditory meatus, reminiscent 


Fic. 7.—The same tumour. It is of fibroblastic type, well differentiated 
and apparently of very slow growth-rate. “ 
(Haematoxylin—Van Gieson x 90) €. 


Fic. 9.—A well-circumscribed meningioma and the adjacent brain 
(Haematoxylin—Van Gieson x 160.) 5 
c 
of a jugular glomus tumour. The anterior pituitary @ 
itself was invaded in one case (Fig. 8). 
Finally, the brain may itself be invaded. This was! 
denied by some of the earlier pathologists, notably 
Penfield (1932), but it is incontestable. Usually the 
meningiomas were found clearly defined from brain, 
often by a “‘ capsule ”’ of flattened leptomeninges, as 
seen in Fig. 9. In nine cases (3-7°%) there was no 
such definition, but on the contrary a limited infil- 
tration of the brain tissue. Fig. 10 shows a fine 
example. Kalbfleisch and Grebe (1937) justly present 
this as a possible cause of recurrence but it may al 
once be said that its importance is limited. It is not 
only rare, it is also less dangerous in practice than 
would be thought. The digital processes of tumour 7 
tend to adhere to the main mass, and in the case” 
from which Fig. 10 was taken a complete removal J 
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Fic. 10.—Invasion of the brain by a meningioma of the cerebral 
convexity, not otherwise of malignant type (operation specimen). 
(Haematoxylin and eosin x 160.) 


was in fact effected—complete as evidenced by 


numerous sections made at necropsy through the 
tumour bed. 

These manifestations of invasive growth have been 
given at length, because they appear to have been 
responsible for most of the recurrences in this series. 
They also show how far from benign, in the strict 
sense, the meningioma can be. Blatant malignancy 
was indeed presented by two tumours, which 
metastasized. One was a parasagittal meningioma, 
excised elsewhere, and treated here because of a local 
recurrence. A Grade II resection was carried out, 
} apparently successfully, but the patient died two 
years later with generalized visceral metastases, in 
lungs, liver, kidneys, and elsewhere. There was only 
a minute intracranial recurrence at necropsy. This 
case is to be published in full by Professor E. A. 
Linell, who has kindly allowed a preliminary report 
(Linell, 1955, personal communication). The 
second case may be given in a little more detail 
because, besides its interest as an instance of 
metastasis, it is a microcosm of the problem of 
recurrence (Case 6 in Table V of Linell’s series). 


Illustrative Case Report 
Catherine C. (R.I. No. 196859), aged 56, was first 
admitted on September 27, 1954. 
She complained of headaches over the previous three 
years and more severely over the previous two months, 
with recent mental confusion. 


Fic. 11.—A parasagittal meningioma with microscopic evidences of 
very active growth. Considered to be a very anaplastic fibro- 
endotheliomatous tumour, although evidence of fibroblastic 
activity is lacking in this section. 

(Haematoxylin—Van Gieson x 470.) 


On examination she was drowsy, mildly demented, and 
with a slight dysphasia; there was a minimal right hemi- 
paresis. There was papilloedema. 

Angiography showed a left frontal vascular tumour, 
and the pathological diagnosis was of a meningioma, 
though some doubt was expressed over its innocence, 
because the arterial phase showed some rather irregular 
vessels. 

At operation on October 5 a Grade I excision of a 
parasagittal frontal tumour was performed. To the naked 
eye, this was a typical meningioma, if rather lobular, and 
it attached in characteristic fashion to the superior 
longitudinal sinus, invading without occluding it. 

Histologically (Fig. 11) the tumour was an extremely 
anaplastic growth, with many mitoses but fairly 3omor- 
phous cells. Glycogen was present in many areas, and 
also collagen, and there was some reticulin. It was con- 
sidered a meningioma, and microscopically of very rapid 
growth. It was feared that it would prove malignant. 

The patient tolerated the resection of the frontal 
quarter or so of the superior longitudinal sinus well, and 
remained in good health for 12 months. She was re- 
admitted on November 15, 1955, however, because of 
headaches and progressive dementia developing rapidly 
over the previous two weeks. 

On examination she was drowsy, apathetic, and 
demented, more so than when first admitted. There was 
no papilloedema, but the decompression bulged. There 
was now a left hemiparesis and bilateral grasp reflexes. 

Angiography showed a vascular bifrontal tumour, 
much as before. 

At operation on November 22 a Grade I recurrent, 
mainly left-sided bifrontal tumour was resected, with 
2 cm. of the remaining falx and sagittal sinus. 

Histologically the appearances were similar, but the 
signs of malignancy were even more marked. 
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Fic. 12.—An angioblastic meningioma of the cerebral convexity, also clinically benign. (a) Haematoxylin and eosin x 210. (6) Reticulin 


Post-operatively the patient this time failed to improve, 
whether because of interference with the frontal venous 
drainage or from some other cause is obscure. She 
remained stuporose and died on January 10, 1956. 


Necropsy.—This showed no macroscopic or micro- 
scopic intracranial residue of tumour nor any primary 
growth elsewhere. There were, however, in the lungs 
three small nodules, the largest 8 mm. in its greatest 
diameter. Two were sub-pleural, one deep in the lung 
parenchyma. 

Microscopically they are identical: they show spindle 
or polygonal cells, somewhat pleomorphic, and with much 
collagen in the stroma (Figs 12a, 12b). They do not 
exactly resemble the intracranial growth, but are nearly 
related to it. The possibility that they are all independent 
malignancies, or even that the intracranial tumour is a 
metastasis from one of them, has of course arisen: but 
Professors D. S. Russell and R. A. Willis, who have very 
kindly examined the microscopic preparations, concur 
in believing this most unlikely. 


The purely histological study of the meningiomas 
has present relevance only as an index of their biology 
and particularly of their disposition to recur. Classi- 
fications based on character of tissue differentiation, 
of which there are many (Henschen (1955) gives a 
full review), have generally proved of little value. In 
this study, the tumours were at first classed as 
endotheliomatcus, fibroblastic, fibro-endothelioma- 
tous, angioblastic, and undifferentiated. This system 
derives from the well-known classification of Bland 
and Russell (1938), and as far as possible the criteria 
were theirs. It differs in that no separate identifica- 
tion of xanthomatous and myxomatous types is 
made, and in the recognition of the “ undifferen- 
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x 210, 


tiated ’’ meningiomas. Table III shows the distribv- 
tion of these types, and their relation to recurrence, F 


TABLE III 


HISTOLOGY AND RECURRENCE IN THE OXFORD SERIES 
(EXCLUDING 17 UNCLASSIFIABLE TUMOURS) 
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It may at once be said that this classification is of 7 
little biological significance, either in relation to the | 
incidence of recurrence, or the disposition to infil- | 
trate. None of the major groups has a monopoly of | 
malignant behaviour or of innocence, except that 
the angioblastic meningiomas as here defined appear 
particularly benign (vide infra). Only the small group 
of undiffeientiated meningiomas has _ peculiar | 
properties. 
It is indeed notable that in each histological type | 
there are tumours varying widely in apparent 
activity of growth, forming as it were a continuous | 
spectrum. There are well-differentiated endothelio- 
matous tumours, with whorls and lobules of cell: 
recalling arachnoid villi, and all the microscopic 
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Fic. 13.—Pulmonary metastasis from the same tumour. 


(a) Haematoxylin—Van Gieson x 70. 


' appearances of indolent growth. (Fig. 5 shows an 
» example.) But there are also a few tumours in 
| which, though the cell type and cellular pattern 
» permit classification as endotheliomatous, there is 


much nuclear pleomorphism and many mitoses. 
Similarly, the highly fibroblastic tumours show all 
grades between the well differentiated growth of 
Fig. 7 and the highly anaplastic tumour seen in 
Fig. 13. The angioblastic tumours are less easily 


>» summed up. Some resemble, and are probably allied 
| to, the better-known cerebellar capillary haeman- 


gioblastomas (Fig. 14). Others show more mature 
vessels, and could be called angiomatoid (Fig. 15). 
Despite the frequent presence of giant cells, both 
these groups appear microscopically of slow growth 
and behave innocently. This may appear surprising, 





(b) Haematoxylin and eosin x 160. 


for the angioblastic meningiomas have always had a 
certain notoriety (Bailey and Bucy, 1931). This is 
perhaps because most writers have comprehended as 
angioblastic tumours here designated undifferen- 
tiated. 

In this series there were five tumours of peculiar 
and uniform character. To the naked eye they were 
typical, rather vascular meningiomas,.in conven- 
tional sites—subtemporal, parasagittal, cerebello- 
pontine, frontal cerebral, and cerebellar convexity 
respectively. Under the microscope, they are seen 
to be highly cellular and quite without organization 
(Fig. 16a). That is to say, they show neither 





Fic. 14.—A fibroblastic meningioma appearing to be of very rapid growth. 


(a) Haematoxylin—Van Gieson x 470. 


(6) Reticulin x 470. 
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Fic. 15.—An angioblastic meningioma of the Sylvian fissure, clinically benign. still liv 
(a) Haematoxylin—Van Gieson x 210. (6) Reticulin x 210. : It v 
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tumour may show poorly formed vasculature, and 
it seems best to designate as angioblastic only those 
tumours in which the formation of vessels appears 
the chief and specific tissue differentiation. Other 
terms were considered, but at present some non- 
committal expression seems best, and they are 
referred to here as “ undifferentiated”. Globus 
(1937) designated tumours apparently of similar 
histology “* meningiomas indifferentiale ’’. It seems 
particularly important to separate them from other 
meningiomas, and especially from the angioblastic 
meningiomas, because the prognosis is much worse. 
In two patients in the small group the tumours have 
recurred fatally after radical excisions, one with 
widespread terminal haematogenous metastases 
(vide supra). Two other patients have died following 
| subtotal resections, one tumour recurring very 
rapidly after a Grade III resection. Only one patient 
still lives. 

It will be seen that no attempt has been made to 
separate the biologically malignant meningiomas on 
purely microscopic grounds. Many writers have 


» done this, notably Craig (1927) and Turner ef al. 
(1942). But Henschen (1955, p. 486) has very justly 
pointed out the difficulty of making any exact and 
constant correlation. The best differentiated, most 
indolent tumours may be extremely infiltrative, as 
Figs. 6-8 show. Very anaplastic meningiomas may 


not recur; very well differentiated meningiomas 
may do so, or even metastasize, as in Jurow’s case 
(1941). It has appeared from this series that a clear- 
cut microscopic distinction between clinically benign 
and malignant meningiomas cannot be made. Short 
of this, however, the microscopic study of the 
meningiomas has been a very helpful guide to their 
biological character, and particularly to their rate 
of growth. Numerous mitoses, lack of regular 
arrangement, and (though to a much lesser degree) 
nuclear pleomorphism suggest rapid growth; con- 
versely, regular whorl formation or organization in 
alveoli or laminae, many psammoma bodies, and 
an absence of mitoses indicate slow growth. When 
a tumour is largely but incompletely excised, 
symptoms due to its continued activity are likely to 
appear within a couple of years if it is of rapid 
growth; if it is indolent, recurrence may be delayed 
10 years or more. (There are, of course, other factors, 
notably the size of the residuum and the situation 
of the tumour.) This is a simple proposition, and 
reference to Table III shows that it is partially valid. 
Eight recurrences took place with tumours con- 
sidered on their microscopic appearances to be 
rapidly growing. The times elapsing before con- 
firmation of recurrence ranged between four years 
and 13 months, with a mean of two and a half years. 
On the other hand, 15 recurrences took place with 


tumours whose histology suggests average or even 
slow growth, and with these the mean time interval 
was six and a half years, with extremes of 13 years 
and 17 months. It is to be noted that the meningio- 
mas do not often change in their growth pattern. 


In the majority there is a striking constancy in 


histological appearance and particularly in growth 
rate, even after intervals as long as 13 years. On 
the otlier hand, at least three tumours did show an 
apparent deterioration towards greater cytological 
malignancy, which was borne out by their clinical 
behaviour. 

A final point to be emphasized is the tendency of 
the meningiomas to multicentric growth. A second 
primary meningioma, such as the small tumour 
depicted in Fig. 17, can simulate a recurrence of the 
tumour originally excised, if close enough to it 
anatomically. Volynkin (1955) has laid much stress 
on this, and it is undoubtedly a possibility to be 
kept in mind. But it is probably unusual. Multiple 
mengiomas are not common. Luyendijk’s (1953) 
figure of 19% is questionable, as it is not based 
solely on necropsy statistics; even so, in the small 
series of cases coming to necropsy here the incidence 
was only 4%. 

With this general appreciation as background, it 
is interesting to consider the pathology of those 
19 tumours which have actually recurred after radical 
(Grade I or II) resections. In five, two recurrences 
have taken place, so it is necessary to analyse 24 
separate recurrences. 

The development of a recurrence must mean 
either that the initial resection was inadequate, or 
that the neoplastic change was multifocal, or that 
viable tumour was accidentally implanted during an 
otherwise successful resection. In most of these 24 
recurrences, there is reasonably clear evidence to 
indicate that the first, most obvious, explanation is 
correct. In four, there appears to have been un- 
noticed trans-septal spread, across the falx in three 
instances and across the tentorium in one. In eight 
instances, recurrence probably took place from an 
invaded falx or superior longitudinal sinus. One 
patient certainly developed a recurrence from unsus- 
pected invasion of the orbital cavity. In two, perhaps 
three, instances, there is reason to believe that the 
recurrence arose from intracerebral vestiges, and 
the presumpticn must be that these represented in- 
filtration of the brain. Recurrence from invaded 
bone, over which Cushing (1938) appears to have 
been much concerned, seems unusual. In two cases 
meningioma cells in the bone of the sphenoidal ridge 
may perhaps have led to recurrences, but proof is 
lacking. The extreme indolence of an hyperostosis 
has already been noted. In two other cases recur- 
rences developed which might from their anatomy 
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Fic. 17.—Operation sketch of a meningioma of the cerebral convexity; a second small meningioma lies near it, and couid easily 
escape notice. 


have arisen either from an overlooked nodule, or 
from a fragment of subdural fringe, or from invaded 
dura: it is impossible to decide. 

The two other explanations of a recurrence are 
hard to confirm or establish. Clear evidence of a 
recurrence from implanted fragments can only be 
obtained when the recurrence is in a scar (as in five 
of Cushing’s cases), and this was never seen in the 
Oxford series. But equally this mechanism cannot 
be excluded in several of these cases, especially those 
in which the tumour was removed piecemeal. One 
such patient died a few days post-operatively, and 
serial sections showed a minute implant in the 
tumour bed; but the cells were obviously non-viable, 
and could not have led to a recurrence. Similarly, 
the possibility of multiple primary tumours is not 
always to be excluded. In four instances the recur- 
rence was from two discrete foci. In two of these 
it is quite possible that one of the recurrent tumours 
was independent. Both patients had parasagittal 
meningiomas; each had a recurrence from the 
invaded falx and sinus and a second recurrence 
nearby but not really in the original operation field. 


These are plausibly regarded as independent primary 
tumours, perhaps consequent on neoplastic “‘field” 
change in a wide area of dura; but they might 
equally have arisen from vestiges of a subdural fringe 
on the periphery of the original tumour. There is § 
similar difficulty in interpreting some of the pub- fF 
lished reports of recurrent multiple meningiomas 
(e.g., Case 1 of Mufson and Davidoff, 1944). 


Conclusions 

The incidence of recurrence will vary somewhat P 
with the experience of the surgeon, and still more 
with his criteria of what constitutes an adequate f 
operation. Confusion will be lessened if some > 
standard assessment of the scope of the resections is } 
used; the system employed here could doubtless be J 
bettered, but has nevertheless appeared helpful both 
for individual prognosis and for comparative studies. 

The results reported here are probably representa- [ 
tive, and they suggest that even with the most radical [7 
surgery recurrence is not a possibility to be ignored. J 
When the tumour has been to the naked eye wholly [ 
removed, together with its dural attachment and any 


















































obvious extradural extension (a Grade I resection), 
it would seem that the surgical ideal has been 
achieved. Yet in this series the incidence of recur- 
rence in cases so treated was 9%. Where the dural 
attachment is considered irremovable, as must often 
happen, it is common practice to coagulate it, even 
to charring, with the diathermy cautery. If com- 
bined with a complete removal of the visible tumour 
(Grade II resection), this is generally considered an 


= acceptable alternative to the more radical excision; 


but the incidence of recurrence following such 
operations was in this series 19%. It is clearly im- 
portant to distinguish between operations of Grade I 
and Grade II, both for prognosis and in the presen- 
tation of results. 

The causes of recurrence are not particularly 
mysterious, and have been wel! discussed by 
Cushing (1938) and others. The material reported 
here suggests, however, that their relative importance 
has not always been gauged correctly. 

In the first place, there is a tendency to assume 
that any mieningioma which recurs is malignant. 
Innocence and malignancy are at best relative terms, 
and become particularly hard to apply with the 
meningiomas, tumours with which local infiltration 
is so common and metastasis so rare. By any 
standards, two of the 19 recurrent tumours studied 
in this investigation were malignant, since they 
formed haematogenous metastases. Four other 
tumours would have been regarded as malignant on 
histological grounds by many, and certainly their 
biological characteristic has been aggressive and 
rapid growth. But in the other 13 there were neither 
microscopic nor biological peculiarities to dis- 
tinguish them from the great mass of meningiomas 
which did not recur. 

It is more profitable to consider these recurrences 
as the expression of a failure in surgery, a failure to 
eradicate microscopic infiltration or even grosser 
extension. It seems that unnoticed invasion of the 
walls of a great venous sinus is the most common 
cause of recurrence after seemingly successful 
operations, especially those of Grade II, but even 
rarely those of Grade I, presumably because the 
infiltration may be invisible. Unnoticed spread 
across a free dural septum is also an important cause 
of failure with Grade II resections. Microscopic 
infiltration of brain and visible but unobstrusive 
permeation of the subdural space are probably 
important though rarer causes of recurrence. In- 
fasion of bone cannot be ignored, but it appears of 
Overrated importance: when one recalls how fre- 
quently meningiomas are associated with hypero- 
stosis or bony erosion, it is surprising how rare is a 
recurrence clearly arising from bone. There is 
indeed in the behaviour of hyperostoses after 
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Grade III resections good evidence to suggest that 
meningiomatous cells in bone are particularly indo- 
lent. Nevertheless, trouble may come from invaded 
bone, especially in the region of the orbit. Finally, 
surgery may fail when the disease is multifocal: 
when neoplastic change is not restricted to one point, 


and there are multiple meningiomas. This would 
appear comparatively rare, but there is need for 
further information. 

These failures are, of course, often ineluctable: 
they express the limitations imposed on the surgeon 
by the need to conserve brain function. It is possible 
to carry the line of excision through normal tissue 
when dura and bone are concerned; it is usually not 
possible to do such a “ cancer operation ’’ through 
normal brain, though Fincher (1954) mentions doing 
so with one malignant growth. Routine block 
resection of the great venous sinuses would greatly 
decrease the incidence of recurrence, but at a pro- 
hibitive price in immediate disability or even (Jaeger, 
1942, 1951) in death. 

If these propositions are accepted, there are certain 
practical corollaries. 

Surgery should be as radical as is safe. In general, 
contemporary practice probably goes as far as is 
possible. There can be no doubt that when a 
meningioma attaches to the falx or the tentorium 
its attachment can and ought to be removed. When 
a meningioma attaches to a great venous sinus the 
problem becomes much more difficult. A Grade I 
resection is impossible when the cavernous or the 
straight (vide Castellano and Ruggiero, 1953) sinus 
is involved. The transverse sinus can apparently be 
resected, though this was not done in any case in 
this series. The superior longitudinal sinus was 
resected en bloc on only 17 occasions in the Oxford 
series, and in general the results bear out Olivecrona’s 
(1947) dictum that when the sinus is occluded it 
may always be excised, but that when it is patent 
excision is safe only in the frontal third. No question 
requires nicer surgical judgment than this, and it is 
significant that Olivecrona’s vast experience (Hoessly 
and Olivecrona, 1955) is making him increasingly 
conservative. When a meningioma involves bone, 
the area of macroscopic abnormality ought clearly 
to be excised, but in this series it has not appeared 
necessary to boil the bone flap. When a meningioma 
has actually recurred experience here justifies a 
second operation on the most radical scale, even at 
greater hazard than would ordinarily be accepted. 
This is because of the greater likelihood of a second 
recurrence. Some very gratifying results have been 
achieved by such operations. Of the multiple 
meningiomas, it can only be urged that their possible 
presence must be kept in mind, especially in inter- 
preting the preliminary radiological studies. 
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At the same time it is important to recall that sub- 
total resection can give very useful palliation; when 
a radical operation is obviously dangerous to life or 
to function, a limited procedure may be preferable. 
This is particularly so with parasagittal tumours, 
when the posterior portion of the superior longi- 


tudinal sinus is invaded but patent. A resection 
of Grade III may give many years’ respite, and permit 
a later operation of Grade I to be done with im- 
punity when the sinus has become occluded. After 
subtotal resections generally, there is also a case for 
irradiation. Most authors deny that these tumours 
are sensitive, and experience here has on the whole 
been discouraging. Twenty-eight tumours have been 
irradiated for various reasons, and although assess- 
ment is difficult there has been little evidence of 
permanent benefit. In one case, there is unhappily 
proof of detriment, in the shape of a crippling 
radiation necrosis. Nevertheless, in one or two 
tumours there appears to have been a slight response, 
and radiotherapy may perhaps be warranted when 
excision is certainly incomplete and the meningioma 
of rapid growth. 

Since future recurrence can never wholly be 
excluded, the pathologist reporting on a biopsy 
should make his assessment with recurrence in mind. 
It has appeared in this clinic that the undifferentiated 
meningiomas are definitely of bad prognosis, and 
that they should be separately identified. Even more 
important is an estimate of the growth-rate of the 
tumour, in making which the presence of mitoses 
seems of chief moment. Such an estimate, though 
subjective, has proved of practical value, and is more 
flexible than an attempt to divide the meningiomas 
into microscopicaily malignant and innocent groups. 
It is possible that the angioarchitecture of the 
meningiomas, as demonstrated by cerebral angio- 
graphy, may be correlated with the methods of con- 
ventional pathology in obtaining a final assessment 
of the biological character of a tumour. Lorenz 
(1940) has described the angiographic appearances 
of meningeal sarcomas as characteristic. Investiga- 
tion into this possibility has been begun, but there 
are many pitfalls, and at present it seems best to 
reserve judgment. 

The clinical diagnosis of a recurrence presents 
some interesting problems, and can be extremely 
difficult. Generalization is hard; but it may be said 
that the recurrent tumours (except those in the 
posterior fossa) are not commonly associated with 
the manifestations of raised intracranial pressure. 
Even the craniectomy decompression (if provided) 
may be indrawn, and papilloedema is comparatively 
unusual. Usually the patients’ complaint is of some 
progressive neurological deficiency, motor, visual, 
or mental, and here diagnosis should usually be easy. 
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It must, however, be remembered that many off cqute 
those patients have entered the age-period of arterio. 
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sclerosis, and that the bed of a successfully removed rh 
meningioma may be a locus minoris resistentiae: FF ayer: 
progressive cerebral arteriosclerosis may increase af rence 
pre-existing neurological deficiency. Still greater Af 
difficulty arises with those patients whose only ® |jI-\ 
symptom is epilepsy. This is a regrettably common natu 
complaint even after a successful excision. It was ® that 
found in 43% of cases in the Oxford series. Only in) pave 
a minority, less than a quarter, did the fits heraldafl It 
recurrence; in the remainder they were presumably & gion 
the manifestation of gliosis in the cerebral cortex. & mali 
A practical guide is in the time relations: the epilepsy FF stre: 
of a recurrence is delayed, insistent, and progressively 15° 
harder to control whereas the epilepsy of gliosis is Hae 
early in onset (within the first year or so), and tends H 
to diminish in severity as the years go by. There are, f jn p 
however, exceptions to this dictum, and when there f side 
is doubt intelligent procrastination is usually war-B reti 
ranted. Special neuroradiological investigations will Fas | 
usually give the answer but it must be said in warning p 
that air studies sometimes are deceptive. This is ple 
because the recurrent tumour’s effect as a space f hig 
occupying lesion can be offset if there is undue space F sco 
to be taken up, and this illusion is maintained when & ren 
the original operation has been followed by local : 
cerebral atrophy. So far angiography has never & bee 
failed to demonstrate the recurrence, but here too fF yn: 
it is possible that an avascular tumour might show F De 
no definite displacement of the arterial and venous F sul 
anatomy. The most important factor in diagnosing & tio 





these recurrences is awareness of their possibility § 
and as far as can be determined their likelihood. In 
the average case, recurrence will be unlikely but & 
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always possible: unlikely enough to permit reassur- F 
ance even when minor symptoms cause alarm to the 
patient, but possible enough to demand sustained, — fre 
tactful watchfulness. : - 







Summary 


The results obtained in two series of intracranial [7 
meningiomas, one of 235 cases and one of 97 cases, 
are analysed to determine the incidence of recurrence [ 
after surgical excision. i 

A system of grading according to the scope of the 
resection is presented, and is applied to those cases, | 
265 in all, surviving more than six months. 

Following 90 operations of Grade I, in which the 
tumour, its dural attachment, and all apparent | 
extradural extensions are resected, there appear to 
have been eight recurrences (9%). 4 

Following 114 operations of Grade II, in which 
the visible tumour is totally removed, but its dural F 
attachment merely coagulated with the endothermy — 
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cautery, there were 18 recurrences, or 19% if cases 
treated in the last five years are excluded. 

These recurrences became manifest after an 
average period of five years. Long-delayed recur- 
rence, though clearly possible, appears unusual. 

After operations known to be incomplete (Grades 
[lI-V) the incidence of symptomatic recurrence is 
naturally much greater, but it is important to note 
that a number of patients treated by limited excisions 
have been given long periods of relief. 

It is emphasized that in the clinical sense, menin- 
giomas may be benign, locally invasive, or frankly 
malignant. The frequency of local infiltration is 
stressed: infiltration of venous sinuses was found in 
15% of cases, of bone in 20%, and of brain in 3-7 %. 
Haematogenous metastasis was seen in two patients. 

Histological assessment has proved of much value 
in predicting behaviour but its limitations are con- 
siderable. A small group of undifferentiated vascular, 
reticulin-forming meningiomas has been identified 
as particularly unfavourable. 

Nineteen tumours recurring after seemingly com- 
plete resection are considered. While two were 
highly malignant and four others showed micro- 
scopic signs of rapid growth, 13 were in no way 
remarkable. 

The chief causes of recurrence appear to have 
been unnoticed invasion of a dural venous sinus, and 
unsuspected spread across a free dural septum. 


Detached nodules of tumour, fragments of the 
subdural fringe often seen in meningiomas, infiltra- 
tion of bone, and the presence of multiple primary 
tumours are other occasional causes of recurrence. 

The practical implications of these findings, both 
in treatment and in prognosis, are briefly discussed. 
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from the United Oxford Hospitals. The cases in the 
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Strich for much assistance in the preparation of this 
paper; I would also like to thank Miss A. Arnott, Dr. 
R. H. Cowdell, and Mr. E. L. P. Tugwell for the illustra- 
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A VARIETY OF PARAMYOTONIA CONGENITA 
BY 
E. B. FRENCH and R. KILPATRICK 


From the Eastern General Hospital, Edinburgh 


Paramyotonia congenita was first described by 
Eulenberg (1886). It is a rare, hereditary disorder of 
muscle in which severe loss of power is induced by 
degrees of cooling which are insufficient to affect 
normal muscle. Myotonia also appears on cooling. 
However, the paralysis produced by cooling dis- 
tinguishes paramyotonia from Thomsen’s disease. 
The weakness and myotonia can easily be produced 
under controlled conditions so that the disease lends 
itself to investigation. In spite of this fact, few 
observations have been made and nothing is known 
about the fundamental defect. The present case of a 
man aged 51 years is of particular interest because 
of certain additional features, and a personal and 
family history of generalized attacks of weakness 
such as occur in familial periodic paralysis. The case 
history is presented in full and is followed by some 
observations on the induction and relief of paralysis 
and myotonia. 


Case Report 

Personal History.—Myotonia has been present since 
infancy, for it was noted that his eyes did not open 
normally after a fit of crying. As long as he can remem- 
ber he has suffered from a combination of myotonia and 
weakness on exposure to cold. The condition was general 
or local according to the extent of the cooling. Thus 
10 minutes in a swimming pool made him helpless; he 
could not work off the effects by exercise and his move- 
ments were weak as well as stiff.. At school in the winter 
time he found it difficult to write or to stand up suddenly. 
If he was warmly clad but his face was cooled, he found 
that after smiling or sneezing his face would remain 
contorted, and he used to cover his face with a handker- 
chief on such occasions to avoid social embarrassment. 
In the summer, as a youth, he took a leading part in 
amateur wrestling, but he was unable to do so in winter. 
He believes that the symptoms induced by cold are less 
severe now than when he was a child. He still finds 
difficulty in speaking in cold weather, and dysphagia 
results from drinking cold liquids. Chewing is also 
affected, sometimes by inability to relax after a bite, at 
other times by weakness which he overcomes by pushing 
up his jaw with his hands. He states that myotonia passes 
off when he warms up, but that weakness persists for 
some hours. Irrespective of temperature he has at all 





times been able to produce myotonia of the eyelids by 
shutting them tightly for several seconds. 

He describes about 12 attacks of paralysis resembling 
familial periodic paralysis, which occurred when he was 


mA 


between 8 and 20 years of age. Most of the attacks were § 


present on awakening. In some an arm, a leg, or bot) 


legs only were paralysed, in others all four limbs, the 


trunk, and the neck were involved. He could always 
talk, eat, and empty his bowels and bladder normally. 
Paralysis lasted for two or three days, during which time 
he had to be fed, and complete recovery occurred within 
a week. Because of one of these attacks he was sent 
home from a scout camp with a diagnosis of polio- 
myelitis. The ‘usual precipitating factor was exercise 
during the previous evening. When paralysis was in- 
complete, he could work it off by exercising the part 
affected. Attacks occurred at all seasons of the year, and 
he recalls one attack occurring in day time after sun- 
bathing. 

In November, 1949, he attended with persistent weak- 
ness of the right leg and some wasting of the calf. In 
August, 1950, he complained of difficulty in climbing 
stairs and in rising from a chair. In October, 1951, both 
legs were weak, and wasting was present in both calves. 
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From then until the present time there has been pro- F 


gressive wasting of the legs and of the lower halves of the 
thighs. He is now apt to trip over irregularities of the 
ground and he is unable to rise again without assistance. 


Family History.—A genealogical tree of the family is 


shown in Fig. 1. The information for this was given by 
the patient, and none of the other members has been 
examined. All the living members are strikingly un- 


cooperative and would not permit even an interview to | 


elicit a medical history. This reluctance was previously 
shown by the patient, as his condition escaped notice 
while he was in hospital in June, 1949, suffering from 
pneumonia. The patient is only certain about the presence 
or absence of myotonia in the family, and thus only this 
abnormality is included. In addition some have weakness 


induced by cold, but he is uncertain about its presence } 
His grandfather (11.2) was found | 


or absence in others. 
to have contracture of the calf muscles when he was 
admitted to hospital for some other condition, and 
bilateral tenotomy was performed. One maternal aunt 
(111.5) also developed wasting of various muscles, in 
addition to life-long myotonia and weakness on cooling. 
The inheritance of the myotonia is clearly due to 
autosomal dominance, as has been previously noted 
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Fic. 1.—Genealogical tree showing inheritance of myotonia by 
autosomal dominance. 


(Thomasen, 1948). However, in rare instances, Thomasen 
found recessive inheritance. Various factors, such as 


; minimal symptoms, memory, legitimacy, or mutation 


may account for the recorded absence of myotonia in 
either of the two great grandparents. 


Physical Examination.—The muscular development of 
the upper part of the body contrasted with the wasting 
of the legs. The front half of the scalp was bald and 
there was a patch of occipital baldness, which was not 
unreasonable for his age. Pubic and axillary hair were 
normal, and hair was present on the chest, arms, and 
legs. Both testes were very small. The breasts were 
normal and the thyroid gland was not enlarged. The 
cardiovascular system and an electrocardiogram were 
normal. Renal function was unimpaired. The daily 
urinary excretion of 17-ketosteroids was 14-0 mg. and of 
17-hydroxycorticosteroids was 6:7 mg. Estimation of 
gonadotrophic hormone excretion in urine was also 
normal for his age. 

His intellectual functions and sensory examination 
were normal. Ophthalmological examination was kindly 
performed by Dr. G. I. Scott and he found no cataract 
or disturbance of vision. After strong contraction of 
the orbicularis oculi had been maintained for several 
seconds the patient was unable to open his eyelids. This 
delay in relaxation passed off gradually in about two 
minutes. It persisted even with repetitive contractions. 
The clavicular heads of both sternomastoid muscles were 
moderately wasted and there was slight weakness of 
forward flexion of the head. 


Upper Limbs.—No wasting was evident, but the flexor 
muscles of the right forearm were abnormally firm and 
there was shortening, as he was unable to extend the 
interphalangeal joints when the wrist was dorsiflexed. 
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@ myotonia 


OX DIED IN INFANCY 


Power of all movements was reduced, particularly of the 
distal muscles. His grip, measured by the method 
described later, was less than half of that of several male 
students. Muscle tone was normal. The tendon jerks 
were very feeble. 


Trunk.—The power of flexion was good, but extension 
was impaired. The abdominal reflexes were absent. 


Legs.—There was bilateral pes cavus. When the 
patient stood upright with the feet together, the heels 
were 4cm. from the ground, due to wasting, hardening, 
and shortening of the calf muscles. The anterior tibial 
groups were slightly wasted. There was atrophy of the 
lower half of the quadriceps muscle on each side, par- 
ticularly of the vastus medialis. Tone in the muscles 
unaffected by fibrosis was normal. Knee and ankle jerks 
were absent; plantar responses were flexor. 


Electrical Excitation Several of the affected muscles 
were tested by use of the Ritchie-Sneath stimulator. Some 
reaction of degeneration was present, such as has been 
recorded previously in cases of dystrophia myotonica, 
and after cooling there were changes characteristic of 
myotonia (Brain, 1955). 


Effect of Various Procedures in Measuring Weakness and 
Myotonia 

Power of Grip.-—Power of grip was measured by asking 
the patient to squeeze a rubber bulb with maximum force 
for two seconds. The force was transmitted through 
rubber pressure tubing to a tambour on which was sealed 
a lever which recorded on a kymograph. A side-arm 
opening in the tubing, which was only closed for each 
contraction, gave a constant base line even when the 
bulb was held in cold or hot water. The response of the 
patient to the abrupt commands—“ grip ’’, “ relax ”— 
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with two seconds between them gave a smooth curve 
and a remarkably constant response. Deflection upwards 
denoted gripping and deflection downwards denoted 
relaxation. The system was calibrated against a mercury 
manometer and over the range of power shown by the 
patient the height of the response bore a linear relation- 
ship to the pressure within the bulb. The rate of fall of 
the curve after the command “ relax ” gave a clear indi- 
cation of myotonia, but an accurate measure of the 
degree of myotonia was impossible when weakness was 
severe. Room temperature for all observations was 
20° C. A satisfactory method was evolved for recording 
flexion of the ring finger in response to stimulation of the 
ulnar nerve of a normal person. When this was applied 
to the patient his base line weakness was such that 
scarcely any movement of the finger could be seen and 
no movement of the recording system could be obtained 
on maximal stimulation of the ulnar nerve. Changes in 
muscle temperature produced by immersion in cold or 
hot water were measured by a thermistor soldered in the 
tip of an intramuscular needle. This was calibrated before 
each measurement by immersion in water at a known 
temperature. 


Local Cooling.—One forearm was cooled in water 
whilst the rest of the body was kept warm; the grip of the 
cooled arm was affected by weakness and myotonia; 
the grip of the other arm was unaffected. The rate of 
onset and the intensity of the effects were greater as the 
temperature of the water was reduced. Weakening 
occurred at 28° C., but it was slow in onset and slight in 
degree. 


Prolonged Forearm Cooling at 12°5°C.: Recovery in 
Air at 20° C.—For subsequent observations on cooling 
a temperature of 12°5° C. was selected as it produced 
little discomfort and a conveniently rapid onset of 
paralysis. Either forearm was immersed in water in a 
large sink, and the temperature was kept approximately 
constant with no stirring by floating a few pieces of ice 
in the water. 

Paralysis was nearly complete after 40 minutes’ cooling. 


(6) 


Fic. 2.—({a) Grip after 38 min. in water at 13° C. showing myotonia and weakness. 


water at 39° C. 
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The rubber bulb placed in the weakened hand could 
retained only with difficulty. Recovery at room tempera. 
ure was incompltete after several hours. 






Prolonged Forearm Cooling: Recovery in Water x 
40° C.—This was studied in the patient and two group; 
of controls. 







Patient.—After 38 minutes in water at 12-°5° C. the 
arm was plunged into hot water at 40°C. The grip 
became weaker for the first five to 15 minutes in hot 
water, and then power returned gradually to its initial 
value after warming for 25 minutes. However, the severe 
myotonia produced by the cooling passed off within four 
minutes of transferring to hot water, at a time when 
power was still diminishing (Fig. 2). 













Two Normal Males.—Cooling at 12:5°C. for 4% 
minutes did not cause any change in power which could 
be measured by the method employed. If, however, the 
forearm of a normal subject was immersed in water at 
9°C., measurable weakness of grip and difficulty in 
relaxation developed in 20 minutes. Power was reduced 
to 53% after one hour, and four minutes after trans- 
ferring to hot water was 88% of normal power. 
















Two Male Patients with Dystrophia Myotonica.—No 
weakness was detected after cooling for 40 minutes at 
12:5°C. 







Ischaemia.—Occlusion of the patient’s brachial artery 
by a cuff at 200 mm. Hg with the arm in water at 35°C. 
resulted in paralysis in 20 minutes. Release of the cuff 
was followed by complete recovery in three minutes. 
This was comparable with a normal person. 









Cooling of Ischaemic Arm at 12-5° C. for Five Minutes: 
Recovery in Hot Water (40-44° C.).—It was noted by 
the patient and by clinical observation that when the 
circulation was released after cooling the ischaemic fore- 
arm for five to 10 minutes at 12°5°C. there was less 
disability than when a free circulation was present 
throughout. The difference was more obvious if blood 
was expressed from the arm by an Esmarch bandage 









(c) (d) 
(6) Grip 14 min. after subsequent transfer into 


f : Myotonia has passed off: weakness still present. (c) Patient’s normal grip. (d) Grip taken 1-5 min. after immersion 
of ischaemic arm in water at 12-5° C. for five min., showing myotonia and slight weakness. 
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TABLE 


EFFECT OF ISCHAEMIA ON Lebamian PRODUCED BY 5 mye ef COOLING IN WATER AT 12°5° C. AND 
RECOVERY IN WATER AT 40°C. 





Number of 
Observations 


Power of Grip 
before Cooling 
as Height in 
Centimetres 
Range 


Mean Power of 
Grip 1 Minute 
after Cooling 
(% Control 
Reading + S.E.) 


Mean Power of 
Grip 6 Minutes 
after Cooling 
(% Control 
Reading + S.E.) 


Mean Power of 
Grip 11_ Minutes 


Reading + S.E.) 


Mean Power of 
Grip 16 Minutes 
after Cooling 
(% Control 
Reading + S.E.) 





Arm n with circulation intact 
during cooling 
Arm with circulation oc- 


29-43 
23-33 


7845-5 
88+ 13-3 


72467 
101+7°1 


7345-2 
111+8°6 


77442 
113+8°8 











cluded during cooling 














before cooling. Cooling for five minutes was the optimum 
time for bringing out this difference and no weakness 
due to ischaemia without cooling occurred in so short a 
period. Both because the resulting difference in power 
might be attributable to reactive hyperaemia and in order 
to prevent further cooling, the arm was plunged into hot 
water as the ischaemia was released. The results are 
compared with the opposite arm treated similarly except 
for the ischaemia (Fig. 2) and are shown in the Table. 

With the circulation intact, the power decreased slightly 
after cessation of cooling and going into hot water. 
However, using approximate test of significance (dif- 
ference between means compared with 1-5 x sum of 
standard errors of means) this further fall is not signifi- 
cant. Mean power is greater at all times after cooling 
with the circulation occluded. However, using the above 
test, only the differences at six, 11, and 16 minutes after 
cooling are statistically significant. Thus the ischaemic 
arm still develops slight weakness after cooling, but has 
returned to normal six minutes after cooling, whereas 
the non-ischaemic arm is still weak after the 16 minutes. 

The effect of ischaemia on the weakness caused by 
cooling might result from differences in the degree or the 
rate of cooling or rewarming. These possibilities were 
studied using the forearm of a normal subject. 


Muscle Temperature during Cooling and Reheating in a 


Fatigue.—Fatigue of the grip was induced by making 
maximum voluntary contractions of the rubber bulb once 
per second, and taking a record every minute. In both 
patient and normal subjects power was reduced by one 
half after six minutes. Some improvement in power 
occurred after one minute’s rest, but the return to normal 
power was slow and was incomplete after 25 minutes. 
No difference between the patient and normal subjects 
was found in these tests. 


Chemical Constituents of the Blood after Cooling.— 
These were measured generally and locally. 


General Cooling.—The patient was immersed up to the 
neck in a bath at 21° C. for 10 minutes, after which the 
arms, legs, and trunk were so weakened that it was 
necessary for two people to lift him out of the bath and 
assist him to bed. For the first hour after removal from 
the bath, the weakness became even greater. After im- 
mersion there was no change in the serum potassium 
level or an E.C.G. 


Forearm Cooling.—Blood was obtained from the 
median cubital vein immediately before and after cooling 
one forearm for 20 minutes and at the same time from 
the uncooled arm. There was no change in the blood 
glucose, plasma phosphorus, serum sodium, potassium, 
and creatine levels in the blood from either arm. 


Normal Subject.—The arm was cooled at 12:5°C. for 


five minutes and then heated in water at 40 to 44°C. as 
described above. Muscle temperature was measured at 
various depths in the midline of the flexor muscle mass 
of the forearm, 3 cm. below the elbow. 

At a depth of 2 cm. the average fall in temperature was 
0:75° C. (20 observations). After plunging the arm into 
hot water the temperature remained steady or fell a little 
further during the next four minutes and then began to 
rise to the original level after a further four to six minutes. 
At this depth heat is evidently lost to the colder super- 
ficial layers at a greater rate than it is supplied by the 
blood. 

Measurements made at a depth of 1-2 cm. showed an 
average fall in temperature of 2°6° C. (four observations). 
After transferring the arm to hot water the temperature 
began to rise within one minute, returning to the original 
level in five minutes and rising 1-5° C. above it in the 
next five minutes. 

There was no difference between the ischaemic and the 
unoccluded arms. It seems clear, therefore, that a rise 
in temperature due to reactive hyperaemia in muscle in 
these circumstances is negligible. 


Effect of Drugs upon the Patient.—Glucose, adrenaline, 
neostigmine, quinine, and potassium chloride were thus 
tested. 


Glucose.—A dose of 50 g. was given but no subjective 
or objective change in power took place over the next 
three hours. 


Adrenaline.—A subcutaneous injection of 0-6 mg. 
adrenaline was followed by a slight increase in power 
after 10 minutes, which was sustained for 20 minutes. 

Adrenaline did not prevent or diminish the weakening 
effect of cooling. 


Neostigmine.—A_ subcutaneous injection of 2 mg. 
neostigmine was followed after 25 minutes by generalized 
myotonia. The patient dared not swallow, for previous 
experience had taught him that his breathing would 
become obstructed. He sat with his head forward, with 
saliva dripping from his mouth and saying little, and 
that in a low, husky voice. One grip was recorded which 
showed myotonia but no weakness. It cannot be said 
that no decrease in power would have occurred subse- 
quently for his distress made it imperative to terminate 














(a) (b) 


the observation. Quinine was given intravenously and 
the myotonia passed off rapidly (Fig. 3). 


Quinine.—Quinine sulphate, 1 g. t.i.d., produced a 
subjective improvement on cold days, but no objective 
improvement of power or of weakness due to cooling 
could te demonstrated. Myotonia no longer occurred in 
the forearm after cooling. The myotonia of the eyelids 
was unaffected; the strong and long contraction required, 
its persistence after repeated contractions, and the lack 
of response to quinine suggest myotonia paradoxa of 
the eyelids (Marshall, 1952). 


Potassium Chloride——The patient was given 5g. 
potassium chloride t.i.d. as an out-patient in the belief 
that his condition might be improved. He stated that 
after two doses he developed generalized weakness. 
Later in hospital he was given 5 g. potassium chloride 
by mouth before breakfast. About 1-5 hours later he 
became weak, was unable to sit up in bed without 
assistance, and had difficulty in coughing. The trunk and 
leg muscles were greatly weakened and remained so for a 
few days. The grip was reduced to less than half (Fig. 4) 
but improved several hours later. Myotonia was not 
increased at any time. The serum potassium was 
5:2 m.Eq./l. before the dose was given and 5-0 m.Eq./lI. 





(a) (6) 
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Fic. 3.—Atropine sulphate, 1 mg. sub. 
cutaneously; neostigmine, 2 mg. 
subcutaneously 10 min. later 
(a) 17 min. after neostigmine; grip 
still normal; (6) 32 min., myotonia 
present showing step-like relaxation 
phase; power normal; (c) 42 min. 
normal grip a few minutes after 
0-5 g. quinine hydrochloride intra. 
venously. 


two and a half hours later when he was very weak. The 
patient was greatly alarmed by this effect and though he 
had been very cooperative throughout a period of five 
years he was unwilling to undergo further trials of potas- 
sium chloride. Potassium balance studies were not made 
owing to the lack of suitable facilities. It might be thought 
that the apparent effect of potassium chloride was 
hysterical in origin. Clinical observation convinced us 
that this was not the case. In addition, the recovery of 
power was steady over a period of hours, the patient 
being placed in such a position that he could not see the 
height of each previous record. Moreover, attempts to 
record submaximal grips invariably resulted in an irregu- 
lar upper limit of the curve quite unlike the smooth type 
of curve recorded in the figures. Irregularity of relaxation 
in the presence of myotonia was often recorded and is a 
feature which has been noted by others (Ravin, 1939). 
It is therefore beyond all reasonable doubt that the ob- 
served effect of potassium was genuine. 


Cortisone.—In view of the ill effects of potassium, 
it was thought that cortisone might improve his con- 
dition. In addition, Shy and McEachern (1951) have 
reported improvement of senile myopathy by cortisone. 
He was given cortisone acetate, 200 mg. daily by mouth, 


Fic. 4.—{a) Normal grip before 5g. potassium 
chloride orally. (6) Same arm 2-5 hours later. 
showing weakness but no myotonia. 
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for three days, diminishing to 12-5 mg. on the tenth day, 
uptoatotalof1g. There was no objective improvement 
in power or the reaction to cooling. Later he took 25 mg. 
cortisone daily for two months and was enthusiastic about 
the results at first. However, there was no improvement 
in his grip and at the end of the course he did not return 
for further supplies as he was putting on too much 
weight. 


Discussion 

The hereditary disorder from which this man 
suffers has some of the features of dystrophia 
myotonica. There is myotonia, muscle wasting, 
testicular atrophy, and frontal baldness. There is, 
however, no sign of cataract in spite of his age, no 
myopathic facies, and there is not a striking atrophy 
of the sternomastoid muscles. 

The attacks of paralysis during childhood and 
adolescence suggest familial periodic paralysis. 
Muscular atrophy has been recorded late in the 
course of this disease (Biemond and Daniels, 1934). 
Both glucose and adrenaline failed to precipitate an 
attack of paralysis, but the patient was not having 
clinical attacks at the time of investigation. The 
effect of potassium was tried in the hope that the 
weakness might be improved or that paralysis in 
response to cold might be prevented. Instead of 
improvement a prolonged attack of gz2neralized 
weakness developed after 5 g. of potassium chloride. 
Myotonia was not aggravated, though Russell and 
Stedman (1936) produced severe myotonia in a case 
of Thomsen’s disease by oral administration of 5 g. 
potassium chloride. Kolb, Harvey, and Whitehill 
(1938) could not demonstrate any effect of potassium 
on the myotonia in dystrophia myotonica. Muscular 
paralysis associated with low, or more rarely, with 
high levels of serum potassium is well known. Thus 
an attack in a patient subject to periodic paralysis is 
usually accompanied by a transfer of potassium to 
the intracellular phase and a fall in the serum con- 
centration. However, there is a poor correlation 
between the onset and the severity of the attacks 
and the magnitude of the depression of the serum 
potassium level (Talbott, 1941). There have been 
occasiona! reports of a clinical syndrome resembling 
periodic paralysis in which no change in the serum 
potassium level occurred during attacks. In one 
such family, oral potassium chloride caused a vague 
lack of well-being and did not prevent attacks, so 
that all the patients discontinued the treatment after 
a few weeks (Tyler, Stephens, Gunn, and Perkoff, 
1951). By contrast, in other conditions such as 
diabetic coma under treatment with insulin, the 
concentration of potassium in the serum may fall 
to levels far below those commonly found during an 
attack of periodic paralysis, and yet paralysis does 


not commonly occur. In these circumstances the 
cellular content of potassium is also lowered. There 
are a number of case records in the literature showing 
close similarity with various features of the present 
case, but we can find no previous record of paralysis 
being caused by a therapeutic dose of potassium 
such as that employed in the present case. 

The features shown by this patient are similar to 
those described by Eulenburg (1886). He recorded 
the muscle disorder inherited as a dominant charac- 
ter without sex-linked inheritance, which he named 
paramyotonia congenita. Almost all the muscles 
became stiff and weak after prolonged cooling and 
did not regain normal power for several hours, even 
after rewarming. Generalized attacks of weakness 
also occurred but always in response to cold. He 
compared the condition with familial periodic 
paralysis. He could not demonstrate active or 
mechanically induced myotonia. However, certain 
muscles showed spontaneous tonic contraction when 
cooled; for example, these patients experienced tonic 
contractions of the orbicularis oculi and oris when 
exposed to a cold wind. Schott (1935) investigated a 
patient with paramyotonia. When warm, muscle 
function was normal; on cooling, irritability increased 
as in Eulenburg’s family, but at the same time active 
myotonia appeared; after prolonged cooling he 
claimed that myotonia gradually decreased as paresis 
increased. Thus we would classify the present case 
as a variety of paramyotonia. The dissimilarities 
are that some myotonia is always present, and that 
generalized attacks of weakness, which were not 
apparently related to cold, had previously occurred. 

Weakness from local cooling has also been re- 
ported in familial periodic paralysis. Zabriskie and 
Frantz (1932) reported the effect of cooling of the 
forearm in a young man suffering from a clinical 
syndrome resembling familial periodic paralysis. 
After 12 minutes in water between 10° and 14° C. it 
was noted that relaxation of the flexors of the fingers 
after voluntary contraction was distinctly slow. 
After 35 minutes paralysis was practically complete 
and recovery was incomplete 12 hours later. Heating 
the paralysed limb in water at 40° C. restored normal 
power in one hour. Similar observations are reported 
by Bickerstaff (1953). McArdle (1956) reports that 
local cooling produced gross local weakness in 
periodic paralysis, which was not due to local 
lowering of serum potassium. This is further evi- 
dence against the primary disorder being a defect 
in potassium metabolism. 

The coincidence of various rare features in ,he one 
patient and the occurrence of several of them in 
many other members of the family supports the view 
that myotonia congenita, dystrophia myotonica, and 
paramyotonia congenita are variants of the same 
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hereditary defect (Maas and Paterson, 1950; 
Stevens, 1954). The features also suggest a relation- 
ship to periodic paralysis, where the primary defect 
is probably in voluntary muscle. 

The patient’s history suggests that the myotonia 
and the weakness usually appear together, and this 
is certainly true in response to cooling. Our observa- 
tions enabled us to separate these two features. 
It has been mentioned that weakness with no 
demonstrable myotonia followed the ingestion of 
5g. potassium chloride; unfortunately we were 
unable to find a rapid method of relieving the weak- 
ness produced. Myotonia was precipitated by 
neostigmine and abolished by quinine, but no weak- 
ness occurred... Warming of the cooled arm relieved 
the myotonia in a few minutes, during which time 
the weakness did not improve or actually become 
greater. 

The rate of onset and recovery from paralysis due 
to anoxia of the forearm was normal. The recovery 
from weakness produced by cold was more rapid in 
the arm which was ischaemic during the cooling. 
This suggested that during cooling some substance 
might diffuse from the muscles into the blood or 
vice versa. However, we failed to detect any dif- 
ference in several chemical constituents in blood 
taken from the cooled arm compared with the un- 
cooled arm. 


Summary 
A man aged 51 years presented with a history of 
myotonia aggravated by cold, of weakness induced by 
cold, of attacks during his youth resembling familial 
periodic paralysis, and of progressive weakness and 
wasting of the muscles of his legs since the age of 
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45 years. The family history showed inheritance of 
myotonia as an autosomal dominant characteristic. 

Investigation revealed the following features:— 
(1) Immersion in a cold bath caused general weak- 
ness and myotonia. Cooling of a forearm induced 
local paralysis and myotonia. Power only recovered 
after many hours at room temperature or about 
one hour in hot water. Myotonia passed off in a 
few minutes in hot water. (2) Ischaemia during 
cooling hastened the rate of recovery on rewarming. 
(3) Neostigmine caused myotonia, but no weakness, 
Quinine prevented and relieved myotonia. (4) Potas- 
sium chloride taken orally rapidly produced 
weakness. 


The authors would like to express their thanks to 
Dr. J. A. Loraine for the estimation of urinary gonado- 
trophin, to Dr. S. L. Tompsett for the chemical analyses, 
and to Dr. R. Alexander for the loan of the thermistor. 
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A SIMPLIFIED NEUROSURGICAL TECHNIQUE FOR APPROACHING 
AND DAMAGING THE REGION OF THE GLOBUS 
PALLIDUS IN PARKINSON’S DISEASE* 

BY 
S. OBRADOR 


From the Department of Neurosurgery, Instituto de Investigaciones Clinicas y Médicas, Madrid 


Since Victor Horsley first attempted the treatment 
of involuntary movements by removing motor cor- 
tex, many operations have been tried for tremor and 
other related symptoms. Recently the interest of 
the neurosurgeons has been focused on the region 
of the globus pallidus and its pathways for the 
production and maintenance of Parkissonian symp- 
toms (Meyers, 1942; Cooper, 1953; Spiegel and 
Wycis, 1954). The great advantage claimed for this 
type of subcortical operation is that tremor and 
rigidity are improved or relieved without affecting 
voluntary power. 

The operations on the pallidal region can be 
divided into three main groups: A, Stereotaxic 
approach and production of lesions by electrolysis 
or coagulation (Spiegel and Wycis, 1954; Hassler 
and Riechert, 1954); B, open approach to the sub- 
cortical regions (Meyers, 1942; Guiot and Brion, 
1953); C, closed methods of tapping, coagulating, 
or chemical destruction (Fénelon, 1950; Cooper, 
1954; Cooper and Poloukhine, 1955). 

The stereotaxic methods are undoubtedly the most 
exact, but also slow, time-consuming, and tedious 
for a busy neurosurgical department. On the other 
hand, the open methods of approach involve a 
definite surgical risk, and this has to be considered 
carefully in the treatment of diseases that have no 
spontaneous mortality. 

For all these reasons, we have tried to develop a 
quick, safe, and surgically closed method for reach- 
ing and placing lesions in the pallidal region of 
Parkinsonian patients, and we have evolved a 
technique which we have used in six cases. The 
relatively large size of this region makes the closed 
approach easy and fairly accurate. Although we 
cannot speak about the long-term results of this 
operation, as sufficient time has not yet elapsed, we 
have however considered it worth reporting our 





*Communication given at a meeting of the Society of British 
Neurological Surgeons in Stockholm in May, 1956. 


surgical methods for making small and deep cerebral 
lesions. 


Technique 

We shall describe very briefly our procedure, which 
may be separated into the following stages :— 

(1) Marking the site for a trephine hole on the tem- 
poral region: this is at the intersection of two lines, one 
drawn 1 cm. anterior to the intermeatal plane, and the 
other parallel to the upper margin of the zygoma and 
3-5 cm. above it (Fig. 1). If the pineal region is calcified, a 
previous lateral radiographis useful in estimating this 








Fic. 1.—Surface marking for temporal burr-hole. See text for 
measurements. 
point. A small amount of dye is injected on the peri- 


osteum for marking the area of the burr-hole. 

(2) Under local anaesthesia a small burr-hole is made 
at this site, and the distance from the cortex to the skin 
is measured. Galea and skin are sutured. 

(3) In the x-ray room adjacent to the operating 
theatre a pneumoencephalogram is carried out by 
cisternal puncture. 

(4) Our special cannula (Fig. 2) is inserted to a depth of 
4-5 cm. from the cortex plus the distance from the cortex 
to the skin which was previously measured. The direction 
of the cannula is kept parallel to the intermeatal plane 
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and is inserted horizontally or with a slight downward 
inclination, as seen in Fig. 3. 

(5) The special cannula is 9 cm. long and can be used 
as an electrode electrically insulated up to within 2 mm. 
of the tip, also for injecting chemical substances, and 
finally as a damaging instrument by pushing inside a 
wire that protrides about 10 mm. at the side end of the 
cannula (Fig. 2). This last principle is similar to the 
primitive leucotome of Egas Moniz and Almeida Lima, 
and the protrusion of the wire can also be graduated 
from 5 to 10 mm. The lateral opening of the instrument 
is known from the outside because it corresponds with 
the side-fitting for making the injections. The important 
point is to combine in a single cannula the possibilities of 
stimulating deeply at its end, injecting chemical sub- 
stances, and making deep and small mechanical lesions. 

(6) The position of the cannula is checked by radio- 
graph film in the antero-posterior position (Fig. 3). A 
metal marker, 1 cm. long, is placed on the scalp for 
measurement purposes. The tip of the instrument should 





Fic. 3.—Position of cannula and metal 


marker after cisternal 
encephalogram. 
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Fic. 2.—Special cannula: 4 4s 
inserted; B with leucotome 
wire protruding. 


be about 13 to 15 mm. from the midline (third ventricie) 
and corresponding to the pallidal region in the planes 
25 mm. anterior and 6 mm. below the pineal, according 
to the reference of Spiegel and Wycis (1952) in their 
book (Fig. 4). The tip of the cannula in this position 
reaches the AB line of Cooper and Poloukhine (1955). 
(7) Once the position is estimated to be correct a 





Fic. 4.—Coronal section of brain showing path of cannula 
site of lesion in the globus pallidus. 
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monopolar stimulation is carried out to see that there 
are no contralateral motor responses from the internal 
capsule. 

(8) A small amount of 2% procaine solution (0-25- 
0-5 ml.) is injected, and the effect on the tremor and 
rigidity is observed. If the cannula is in the pallidal 
region, these symptoms disappear at once. An electro- 
myogram can be recorded during this stage. 

(9) The cutting wire of the cannula is pushed out and 
rotated several times to damage the region of the globus 
pallidus. Smaller lesions can be made by partial rotation. 

The whole procedure takes only about half an hour. 


Complications and Immediate Results 

Of the six patients operated on, two had clear 
evidence of bilateral Parkinsonism, and in four the 
affection was predominantly one-sided. Altogether, 
10 pallidal lesions have been made: two bilateral 
lesions and two repeated on the same side. The ages 
of the patients varied from 37 years to 58 years. 

The most frequent complication immediately after 
operation has been motor weakness in the contra- 
lateral limbs: this was observed after five of the 10 
operations. .In one case, spastic weakness of the 
arm has persisted, but in the others the weakness 
cleared up within a few hours or days. 

In one case there was a transient disturbance of 
motor speech lasting for two weeks. In another, 
there was contralateral hypoaesthesia for nine days. 
A persisting contralateral homonymous quadrantic 
field defect occurred in another case. 

In the case of bilateral operations, it appears that 
the interval between the two operations should not 
be too short. In our first patient, who had bilateral 
operations with an interval of eight days, we ob- 
served after the second operation a curious and 
alarming incapacity for facial movements, phona- 
tion, and swallowing which last for several weeks. 
With this experience in mind, we deferred the second 
operation in the second case of bilateral lesions for 
two months. In this patient the only complication 
was a tendency to adduction in the gait, and some 
difficulty in the automatism of walking for nine 
days. 

There is no doubt from our observations that a 
pallidal lesion produced in the manner described 
above can effect an immediate abolition or great 
diminution of the contralateral rigidity and tremor 
of the Parkinsonian patient, without inducing 
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paralysis. In some cases rigidity and tremor may 
recur after a few days or weeks, but usually with less 
intensity than before operation. Our follow-up 
extends only over a period of a few months, but all 
the patients seem to have improved to some extent, 
and none has been made worse except the case cited 
of persisting pyramidal damage producing spastic 
weakness of the left upper limb instead of the pre- 
operative rigidity and tremor. Of the other five 
patients, three have maintained their improvement, 
and in two initial improvement has been less well 
maintained. In general, rigidity seems to benefit 
more than tremor, and in the case of bilateral lesions 
one side may benefit more than the other. 

Further experience and a longer follow-up are 
obviously necessary to evaluate the therapeutic 
results of these pallidal operations. An important 
point which we have in mind and hope to settle is 
the advisability of repeated unilateral or bilateral 
lesions in those cases in which symptoms recur after 
initial improvement. 


Summary 


A simplified and quick neurosurgical procedure 
is described for inserting a specially designed cannula 
into the region of the globus pallidus through the 
temporal route in Parkinsonian patients. 

This special cannula can be used as a deep stimu- 
lating electrode to test that the tip is not in the 
internal capsule; as a needle for seeing the action 
on the tremor and rigidity after injecting small 
amounts of procaine solution; and also as a cutting 
instrument for placing deep lesions in the pallidal 
region. 

The position of the cannula is checked radio- 
graphically by means of cisternal pneum:oencephalo- 
graphy. 

The immediate results in the first six patients are 
briefly reported. 
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AN UNUSUAL FORM OF WIDESPREAD VASCULAR DISEASE 
OF THE BRAIN IN A YOUTH 


BY 
C. S. TREIP and R. J. PORTER 
From the Central Middlesex Hospital, London 


The protean manifestations of vascular disease of 
the brain are well known. The following case seems 
worthy of report because of the unusual clinical 
picture and its consequent diagnostic difficulties, 
and the diagnostic problems raised by the lesions 
found at necropsy. 


Case Report 

The patient was a young man aged 19 years at the 
time of death. There was no relevant family history. 
There was one sibling, a sister aged 21, who was quite 
healthy. The patient was a non-smoker and a teetotaler. 
He had been a perfectly normal boy of clearly high 
intelligence and had had no significant physical disease 
until the onset of his present illness. 

At the age of 14 he passed the School Certificate 
examination with five credits and in the same year won a 
scholarship to a public school. He did well there but in 
July, 1950, at the age of 18, he failed the Higher Certificate 
examination quite unexpectedly in one subject. In 
September, 1950, he joined the Army and at first seemed 
to do well. In February, 1951, while on leave, his 
parents thought he was a little forgetful and noticed that 
he was “ fidgety ’’. In March, 1951, he was posted to 
Germany and soon afterwards it was noticed that his 
behaviour was unusual. He seemed forgetful and, on 
one occasion, was put on a charge for losing his 
rifle. 

In July, 1951, his letters home, which had previously 
been regular, suddenly ceased, and soon afterwards his 
parents were notified that he had been admitted to 
hospital with a nervous breakdown. He was invalided 
home to Netley Military Hospital, where a diagnosis of 
early schizophrenia was made and he was given E.C.T. 
His parents were quite shocked when they visited him 
there, and said he looked like someone from Belsen, 
thin and shaky. He was discharged and returned home 
in October, 1951. By this time his physical condition 
had greatly improved; he had put on weight and looked 
well nourished. His memory and powers of concentra- 
tion, however, were grossly defective and he was unable 
to interest himself in anything. He was unsteady in his 
gait and very clumsy with his hands. He also had a 
tendency to bump into things, and his father suspected 
that his eyesight was failing. On two occasions he had 
been incontinent of urine in the night and, when rebuked 
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about it, had laughed. It was also noticed that he wa; 
excessively drowsy and, the day before admission to 
hospital, he had complained of pins and needles down 
the left side of the body. There had been no compiaint 
of headache and no vomiting. 

He was referred for a further psychiatric opinion to 
Dr. Haldane at the West Middlesex Hospital, who found 
him to be obese, fatuous, and incoordinate, with slurred 
speech and ataxic gait. It was considered that he was 
suffering from an organic dementia. He was admitted 
to the Central Middlesex Hospital on November 2, 195], 
for further investigation. 

On examination he was very slow in his thoughts, 
mildly euphoric, had a very poor memory and was 
unable to give any satisfactory history. He admitted to 
being ill for only two months. He remembered that he 
had got into trouble in the Army for forgetfulness and 
had been punished, and that he had been boarded out 
as a psychiatric case. He denied headache and seemed 
to be very indifferent to his present disability. There 


was no dysphasia but speech was slurred. The left eye B 


was completely blind and the disc showed advanced 
primary optic atrophy. The right optic disc appeared f 
normal but there was a complete temporal hemianopia F 
on this side. The pupils were equal, the left was fixed 
to direct light but reacted briskly consensually. The right 
pupil reacted well to direct light. There was no nystagmus, 
and the other cranial nerves were normal. The left arm 


was slightly spastic and weakness, with marked inco- f} 


ordination and intention tremor on this side. The tendon 
reflexes were all brisk, perhaps a little brisker left than 


right, and the left plantar response was extensor. There [ 


was no objective sensory abnormality. The gait was | 
grossly ataxic. There was clinical evidence of marked | 
cardiovascular hypertrophy and the blood pressure was 
190/130 mm. Hg. There were no abnormal physical } 
signs on examination of the other systems. 


Investigations.—A radiograph of the chest confirmed [| 
gross left-sided cardiac enlargement. The urine contained | 


a cloud of albumin, a few red cells, and occasional 


granular casts. Lumbar puncture revealed a clear fluid, | 


pressure 120 mm.; the protein was 80 mg. per 100 ml., 


the fluid otherwise being normal. Wassermann reactions | 


of the C.S.F. and blood were negative. The blood urea 
level was 41 mg. per 100ml. A blood count gave: 


haemoglobin 94%, W.B.C. 8,000 (neurtophils 75%, 
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eosinophils 2%, lymphocytes 20%, monocytes 3%). An 
intravenous pyelogram showed separate upper poles of 
both kidneys with a double ureter on both sides. The 
excretion from both kidneys was good. A screening test 
for phaeochromocytoma, using 20mg. of methyl- 
piperidy! benzodioxane, was negative. A straight radio- 
graph of the skull was normal. An electroencephalogram 
showed a generalized abnormality with a very slight 
right-sided preponderance. Delta rhythm was dominant 
in all areas and of moderate voltage. Traces of low- 
voltage alpha rhythm of 8 to 10 c.p.s. were present. The 
slow activity was of a rhythmical character and clean 
outline. The tracing was thought to be compatible with 


) either a subtentorial tumour or a generalized degenerative 


lesion of both hemispheres. 


Progress.—Soon after admission to hospital he became 
drowsy and unresponsive, and a posterior fossa tumour 
was considered as a possible diagnosis. On December 11, 
a ventriculogram was done by Mr. T. G. I. James. This 
showed the lateral and third ventricles filling well; they 


dilated; the fourth ventricle and aqueduct were not 


» filled. A considerable quantity of air was shown in the 
' subdural space and was thought to indicate some degree 


of cortical atrophy. Three millilitres of “* myodil” 
were injected in an attempt to fill the aqueduct and fourth 
ventricle but failed to do so. The posterior fossa was 
therefore explored. No tumour or obstruction was found 
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Fic. 1.—General view of the vertex, showing shrinkage of the frontal 
lobes and leptomeningeal thickening. 


and droplets of “‘ myodil ” were seen in a dilated fourth 
ventricle. The cerebellum appeared to be smaller than 
usual. 

After the exploration he seemed to improve tem- 
porarily; he was able to sit up and speak, but 29 days 
after the operation he lapsed into coma, developed 
increasing neck rigidity and eventually decerebrate 
rigidity and opisthotonus. He died in this state on 
March 3, 1952, 82 days after operation and about 
13 months after the onset of symptoms. 


Necropsy.—Post-mortem examination was performed 
36 hours after death by H.M. Coroner’s pathologist at 
the Central Middlesex Hospital. The body was that of a 
very emaciated young adult man. Externally the brain 
weighed 1,000 g. and was very shrunken, shrinkage being 
more marked in the cerebrum. The leptomeninges were 
greatly thickened over the frontal area (Fig. 1), and 
showed much staining by haemosiderin, particularly over 
the right frontal pole and medial aspect of the right 
frontal lobe. Stripping of the meninges from the right 
frontal pole revealed gross atrophy of the gyri, simulating 
a microgyria. The cortical surface was pitted with many 
tiny sunken scars, giving a thimble-like appearance 
(Fig. 2). Sections of the cerebrum showed extensive 
necrosis of the cortex, affecting almost the whole of the 
right and most of the left frontal lobes, sparing the left 
supracallosal and orbital gyri. A large, elongated focus 
of softening, 3 x 1 x 1cm., was present in the right 
cingular area and was associated with several small, 
white, thread-like vessels (1 mm. in diameter) at the 
periphery. The temporal lobes, apart from the atrophic 
cortex on either side of the collateral fissure, appeared 
normal. The parietal and occipital cortex on both sides 
was extremely atrophic, being in places no more than 





Fic. 2.—The right frontal lobe; numerous thimble-like cortical scars— 
granular atrophy. About x 3-5. 
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tungstic-acid-haematoxylin for glial fibres, Loyez’s stain 
for myelin, and Gros-Bielschowsky’s stain for axis 
cylinders. 


Brain.—The maximal changes are in the right cingular, 
right parietal, and occipital cortical regions, and in the 
cerebellum. Changes are less marked in the temporal 
cortex and slight in the basal ganglia, midbrain, and pons, 

The leptomeninges show great thickening by fibrosis, 
particularly in the right cingular and right parietal areas, 
There is an area of recent subarachnoid haemorrhage 
in the right cingular area. Extensive pigment deposition— 
extracellular haematoidin and intracellular haemosiderin 
—is present in all severely affected areas, the pigment 
being concentrated perivascularly. There are some 
scattered particles of calcium in the fibrous occipital 
meninges. The meningeal changes are slight over the 
cerebellum compared with those of the cerebrum. 

The blood vessels of the leptomeninges show more 
changes than those of the parenchyma, arteries being more 
conspicuously affected than veins. Some of the arteries 
are very tortuous, several loops being cut in one plane. 
Many vessels contain recanalized cellular plugs (Figs. 4 
and 5). In some vessels concentric intimal proliferation 

Fic. 3.—Right parietal cortex (coronal section) showing cortical and _is difficult to distinguish from an organized plug. One 
subcortical infarction, most marked laterally. artery shows fairly recent organization of a plug, which 
contains many foam cells, the media of the vessel being 
I mm. thick. The convexity was, on the whole, more _ infiltrated by lymphocytes and macrophages. The 
affected than the base (Fig. 3), but the atrophy was internal elastic layer is mostly well preserved, but in 
generalized, sparing only the lateral aspects of some vessels there is poor staining and in others there 
the temporal lobes. The internal carotid 
and main trunks of the anterior, middle, and 
posterior cerebral arteries were free of ante- 
mortem or organized thrombus. The cere- 
bellum showed externally little obvious change 
apart from being small. Section showed diffuse 
loss of outline of the folia, more severe on the 
right side, resulting from necrosis. The cere- 
bellar changes were less easily appreciable than 
those in the cerebrum. The basal ganglia, the 
midbrain, pons and medulla showed no gross 
abnormalities. There was a generalized dilata- 
tion of the ventricular system. 
The heart weighed 360 g. There was dilata- 
tion of the right side and concentric hypertro- 
phy of the left ventricle. The myocardium was 
very tough and pale. The valves and coronary 
arteries appeared healthy. 
The lungs showed bronchopneumonia in the 
left lower lobe and a small lung abscess in the 
base of the right lower lobe. 
The kidneys were very granular and mottled 
(weights not recorded). The bladder showed 
chronic infection. 
The spleen contained some old scars. 
The endocrine glands, gastro-intestinal tract, 
and the liver showed no gross significant 
abnormalities. 


Histology.—Frozen, paraffin, and celloidin- 
embedded sections were stained with haema- 
toxylin and eosin, Weigert’s elastic stain and 


Fic. 4.—A thrombosed and recanalized meningeal artery. Note the cellularity 
van Gieson, Nissl’s stain for neurons, phospho- of the tissue in the lumen. Haematoxylin and eosin x 40. 
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are gaps in this membrane; some of these vessels are 
plugged, others are not. 

The changes in parenchymal blood vessels are confined 
to the arterioles in the white matter and in the basal 
ganglia. One vessel in the right retrocentral white matter 
shows recent fibrin thrombus in its lumen. Nearby, 
another vessel showed perivascular cuffing by macro- 
phages, some containing haemosiderin. In the right 
caudate nucleus there is an arteriole plugged by what 
seems to be a recanalized thrombus, and others with 
eccentric intimal thickening and small perivascular 
haemorrhages. There is medial thickening and hyalinosis, 
and some intimal proliferation. An arteriole in the pons 
shows some eccentric hyaline material projecting into 
the lumen. A vessel in the choroid plexus is plugged and 
the lumen is partly obliterated. Cerebellar blood vessels 
show little conspicuous change. There is no evidence of 
atheroma in any of the sections examined. 

The parenchyma shows changes corresponding in 
severity with the vascular distribution, the most severe 

| changes being seen in the right cingulum, parietal, and 
occipital cortices. There are varying degrees of cortical 
infarction, ranging from complete liquefaction with 
replacement by compound granular corpuscles and 
gemdstete astrocytes to oedematous areas with deposition 
. praying -_ mE penghrreapete scnering, Fic. 5.—A thrombosed meningeal vessel with five new channels 
the glial fibres lying largely vertical to the surface in the Note the cellular Fiillgewebe. Haematoxylin and eosin x 160. 
granular atrophic areas. Sometimes extensive superficial 


gliosis forms a rim or border 
round the gyrus (Fig. 6). In 
less damaged areas most of the 
surviving neurons in the nucleus 
are swollen with loss of Nissl 
substance. The white matter 
shows oedema and early in- 
farction, with compound granu- 
lar corpuscles and gemédstete 
astrocytes in some areas, notably 
in the right cingular and right 
basal ganglionic regions. Patchy 
demyelinization, often leaving 
a wide perivascular zone, is 
seen in the more severely 
affected areas. A patchy loss 
of axis cylinders with no special 
distribution is seen in various 
parts of the hemispheres. 

The cerebellum shows 
changes in both hemispheres, 
the right being the more 
severely involved. There is 
widespread infarction of the 
molecular layer extending some- 
times into the granular layer 
to involve the whole folium. 
Phosphotungstic - acid - haema - 
toxylin staining shows that 

a there is severe gliosis of the 

» > Ta me molecular layer (resembling the 

Fic. 6.—Parietal cortex with liquefaction necrosis deep to a border rim of gliosis. The adjacent rim of gliosis in the cerebral 
vessels are meningeal. P.T.A.H. x 90. cortex) with a comparatively 
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FiG. 7.—Cerebellum: a normal folium is seen on the right. The 
necrotic folium on the left shows thick fibres of gliosis running 
at right angles to the surface in the molecular layer. P.T.A.H. x 12. 


empty granular area in the centre of the folium, giving 
an almost cystic appearance (Fig. 7). Less severely 
affected areas show numerous small scars vertical to 
the surface. These are usually perivascular and some- 
times extend into the granular layer, where there are 
collections of foam cells in the scar tissue (Fig. 8). These 
less severely damaged areas often show a marked outfall 
of Purkinje cells and of granular cells. 

The optic nerve and blood vessels of the limbs were 
not available for examination. 

Other Organs.—There are many scattered fibrous areas 
in the myocardium, some quite large. Some coronary 
arteries show eccentric intimal thickening. One large 
artery shows a well organized, recanalized plug. A section 
of heart valve shows no evidence of endocarditis. 

Some glomeruli show thickening of capsules and of 
basement membranes; a fair number of peripheral 





glomeruli are fibrosed and partly hyalinized. There are 
occasional collections of neutrophils in the tubules, with 
congestion and interstitial fibrosis. Most of the arcuate 
and many interlobular arteries show concentric or 
eccentric intimal thickening of the endarteritis fibrosa 
type, and many arcuate vessels are obliterated by re- 
canalized plugs (Fig. 9). No recent infarcts or throm- 
boses are seen. The elastica interna of many of these 
vessels are split and there are some segmental gaps 
(Fig. 10); arterioles and capillaries show no obliterative 
or necrotizing changes. 

Sections of spleen show healed infarction and re- 
canalized plugging or proliferated intima in trabecular 
vessels. The suprarenal, tongue, testis, and portal tracts 
show eccentric intimal thickening and medial hyalinosis 
of arterioles, with occasional recanalized plugs. 
Other organs show no significant abnormalities. 
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Discussion 

The onset of the disease was 
insidious and the course steadily 
progressive, without any acute and 
sudden incidents. The presenting 
symptom was dementia, with later 
development of visual failure (prob- 
ably due to a chiasmal lesion), left 
hemiparesis, and marked left cere- 
bellar ataxia. The symptomatology 
only involved the central nervous 
system. An intracranial tumour ap- 
peared to be a possibility although 
the hypertension, clearly of short 
duration, in a young adult was a 
puzzling feature. Tumour having 
been excluded, various forms of 
vascular disease had to be considered. 
There was no evidence of valvular 
heart disease or bacterial endocarditis 
as a source of possible emboli. 
Syphilis was excluded by serology. 
Either polyarteritis nodosa or malig- 
nant hypertension appeared to be 
the most probable diagnosis. The 
neurological picture was unlike that 
usually seen in polyarteritis nodosa, 
in which polyneuritis, convulsions, or 
acute cerebral vascular incidents are 
the commonest manifestations (Miller 
and Daley, 1946). The absence of 
hypertensive retinopathy and of 





Fic. 9.—Recanalized artery in kidney. The elastic layer is split and stained poorly. 
Weigart-van Gieson x 160. 





Fic. 8.—Cerebellum: a broader glial scar extending into the granular layer. The 
scarred area contains many foam cells. There is an almost total loss of Purkinje 


cells. 


P.T.A.H. x 60. 


marked renal failure seemed 
strongly against malignant hy- 
pertension. Thromboangeitis 
obliterans was not considered 
clinically, but in retrospect 
many of the features are 
suggestive of cases of this con- 
dition with cerebral involve- 
ment described in the literature 
(Lindenberg and Spatz, 1939; 
Antoni, 1941; Minkowski, 
1947-48; Llavero, 1948); the 
onset with dementia, progres- 
sive course, signs of focal 
multiple lesions, tendency to 
cerebellar involvement, and 
hypertension. 

Pathologically, the gross ap- 
pearance in the brain was that 
of atrophy, due to widespread 
cortical necrosis, more severe 
on the right side. The haemo- 
siderin staining and thickened, 








Fic. 10.—Renal artery showing medial hypertrophy segmental elastic 


gaps. Weigart-van Gieson x 160. 

white, wormlike vessels near the large focal lesion of 
the right cingulum suggested a vascular lesion. The 
largely cortical involvement with relative sparing of 
white matter, and the absence of antemortem 
thrombi in the large vessels—internal carotid and 
major cerebral arteries—indicated that small peri- 
pheral branches were affected. The curious pitted, 
thimble-like appearance of the frontal cortex is due 
to focal cortical scarring at right angles to the surface 
and is known to continental writers as ‘* granular 
atrophy’. Lindenberg and Spatz (1939) stress 
this appearance as characteristic of cerebral throm- 
boangeitis obliterans, though Morel (1946) considers 
it can arise from other causes of intermittent 
insufficiency of the cerebral circulation. The small 
cerebellar scars are probably analogous to granular 
atrophy in the cerebrum. 

Histologically, the picture was of largely cortical 
necrosis with relative sparing of central white matter, 
basal ganglia, and brain-stem. The vascular lesions 
seemed wholly to account for the necrosis. The 
vessels chiefly involved were pial arteries, with an 
occasional thrombosed arteriole or inflamed arteriole 
in the white matter. The scarcity of arteriolar and 
capillary lesions excludes Goodman’s (1949) ‘* re- 
current hypertensive cerebral thrombosis ”’ in which 
arteriolar lesions predominate. Atherosclerosis was 
not present histologically and syphilis was excluded 
serologically. No endocardial lesion, liable to 
produce embolism, was found (though myocardial 
fibrosis and some coronary sclerosis were present). 
In considering malignant hypertension, polyarteritis 
nodosa, and thromboangeitis obliterans, it is neces- 
sary to take the changes in the brain together with 
those in other organs, notably the kidneys. The latter 
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showed severe contraction, with glomerular 
fibrosis, and obliterative endarteritis, affect- 
ing arcuates and interlobulars. Recanaliza- 
tien was conspicuous, as it was in the brain, 
Necrotizing arteriolitis was not seen in the 
kidneys or in any other organ. This would 
seem to be an important point against 
malignant hypertension running such an 
acute course, though changes resembling 
endarteritis fibrosa were present. Gaps 
in the elastica interna were present in 
vessels of both brain and kidney, and 
suggested the possibility of healed poly- 
arteritis nodosa (Pagel, 1951); no pictures 
of active polyarteritis nodosa (acute in- 
flammatory infiltration with _ fibrinoid 
necrosis) were seen. Secondary thombosis 
occurs in this condition when accompanied 


by hypertension (Davson, Ball, and Platt, 1948) 


and in primary malignant hypertension, though 
Heptinstall (1953) does not describe thrombosis as a 
characteristic finding in the latter condition. Throm- 
boangeitis obliterans in the healed phase would show 
little to distinguish it from other thrombotic lesions 
of arteries, apart from its tendency to involve the 
arteries of the limbs, though this is not invariable. 
Unfortunately material from the limbs was not 
available, as this possibility had not been considered 
at the time of necropsy. The diagnostic stress laid 
by Jager (1932) on the connective tissue filling the 
lumen of the thrombosed artery in thromboangeitis 
obliterans—the Fiillgewebe—is probably too great; 
similar pictures may be found in hypertension due 
to any cause. Nevertheless, the gross and histo- 
logical features of the brain accord quite closely with 
some cases described of thromboangeitis obliterans 
involving the brain, notably the granular atrophy. 
It is noteworthy that Jager’s Case 2 showed lesions 
of acute polyarteritis nodosa in the liver, kidneys, 
and brain, as well as widespread lesions of throm- 
boangeitis obliterans. As thromboangeitis obliterans 
is considered by many (Llavero, 1948) to originate in 
hypersensitivity, overlapping of histological lesions 
in the two diseases may well be possible. It seems 
likely that the disease of our patient was of this 
nature, the hypertension being secondary to the renal 
ischaemia following the obliterative arterial disease, 
rather than primary. There is no clue to any 
possible sensitizing process, and the family history 
was negative both for allergy and hypertension. 

On the whole we feel that the weight of both 
clinical and pathological evidence in this case favours 
a diagnosis of thromboangeitis obliterans but there 
can be no sharp pathological distinction between 
this disease and polyarteritis nodosa in their later 
stages. 
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Summary 


A young man, aged 19 years, died after an illness 
lasting 13 months, in which progressive dementia, 
optic atrophy, left cerebellar ataxia, left hemi- 
paresis, and hypertension were the outstanding 
features. 


Pathologically, there was diffuse cortical necrosis 
with granular atrophy of the brain, nephrosclerosis, 
and widespread obliterative lesions of medium-sized 
arteries in the involved organs. 


The vascular lesions suggested either polyarteritis 


nodosa or thromboangeitis obliterans in their later 
stages. 
The differential diagnosis is discussed. 
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SOME RELATIONSHIPS BETWEEN PERIPHERAL 
VASOMOTOR AND E.E.G. CHANGES 
BY 
BRIAN ACKNER and G. PAMPIGLIONE 


From the Institute of Psychiatry, Maudsley Hospital, London, S.E.5 


The influence of emotional and physical stimuli 
on the variations in the volume of the extremities 
was recognized as far back as 1881 by Mosso. Sub- 
sequent workers using arm and finger plethysmo- 
graphy noted that the vasoconstrictor response to 
various stimuli was not only present during wakeful- 
ness but could also occur during sleep (Hallion and 
Comte, 1894; Howell, 1897; Brodmann, 1902; 
Berger, 1904; Shepard, 1906, 1914; Wiersma, 1913; 
Uhlenbruck, 1924). The increase in spontaneous 
fluctuations in the plethysmographic curve during 
drowsiness and early sleep was noted by Hallion and 
Comte (1894) and thought by Shepard (1906, 1914) 
to be due to Traube-Hering blood pressure waves. 
Later workers offered different explanations. Ingram 
(1936) and Burton (1939) considered the fluctuations 
to be serving temperature control, Abramson and 
Katzenstein (1941) regarded them as spontaneous 
peripheral changes, whilst Neumann, Lhamon, and 
Cohn (1944) held that they were a reflection of 
variations in sympathetic tone in relaxing subjects. 
Ackner (1956b) has shown that, when the experi- 
mental conditions are suitably controlled, the onset 
of sleep is associated with an increase in the finger 
pulse volume in anxious subjects. This is presumably 
due to the release of stress vasoconstriction, for such 
vasodilatation does not occur in the relaxed subject. 
The physiological and emotional factors related to 
the finger plethysmographic vasoconstrictor response 
have recently been reviewed by Ackner (1956a). 

It emerges from previous work that the vaso- 
constrictor response is not dependent on wakeful- 
ness, though the response disappears when deep 
levels of sleep are reached. Until recently only Jung 
(1939, 1954) attempted further investigation of the 
relationship between peripheral vasomotor changes 
and levels of “‘ consciousness’ by means of com- 
bined plethysmographic and_ electroencephalo- 
graphic (E.E.G.) studies. Jung recorded simul- 
taneously the E.E.G., electrocardiogram, galvanic 
skin reflex, finger plethysmograph, and respiration 
during wakefulness and different stages of sleep. He 
stated that “the autonomic responses associated 


with arousal do not change in different states of F 


consciousness, except that conditioning and expec- 
tation of the stimulus tend to suppress and diminish 
the reactions in the waking state ”’. 


and in this paper we shall describe in more detail 
some relationships between peripheral vasomotor 
and E.E.G. changes. In a later communication the 
relationship between changes in other physiological 
variables will be considered. 


E.E.G. Changes from Alertness to Sleep 

The E.E.G. features associated with the tran- 
sitional stages from full alertness to light and deep 
sleep in man are well known since the work of 
Loomis, Harvey, and Hobart (1937, 1938), Davis, 
Davis, Loomis, Harvey, and Hobart (1938, 1939), 
Blake and Gerard (1937), Kleitman (1939), and 
others. 

Recently, the E.E.G. changes following sensory 
stimuli during sleep, in patients and normal subjects, 
have been further investigated by Brazier (1949, 
1954), Li, Jasper, and Henderson (1952), Pampiglione 
(1952a, 1953), Pampiglione and Martin (1954), and 
Lairy-Bounes and Fischgold (1953). Some work on 
this subject has been reported from the U.S.S.R.., 
but the relevant literature is not easily available. 

A number of E.E.G. patterns have been considered 
to be associated with particular “sleep levels”. 
However, the variability of the E.E.G. in normal 
subjects, from alertness to sleep, is wide with much 
individual diversity. 

In the interpretation of our findings we have used, 
as broad correlates of alertness and sleep levels, the 
following fairly well recognizable E.E.G. changes in 
adults :— 


(1) Full Alertness with Active Interest.—Generalized 
low amplitude activity. 


(2) Alertness with Reduced Interest.—Appearance of } 


fluctuating rhythmic activity at 8 to 13 c/sec. (alpha 
rhythms) mainly over the posterior half of the head. 


In a preliminary | 
communication (Ackner and Pampiglione, 1955) we 4 
reported findings at variance with this conclusion, [7 
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(3) Minimal Alertness or Drowsiness.—Intermittent, 
short-lived appearance of alpha rhythms on a background 
of generalized low amplitude 4 to 7 c/sec. activity. 

(4) Light Sleep.—Occasional and sometimes periodic 
runs of rhythmic activity at 12 to 15 c/sec. in the form 
of “ spindles” (best seen in the anterior two-thirds of 
the head) on a generalized background of slower 
activity. 

(5) Medium Depth of Sleep.—Slow waves usually 
generalized, but not obviously rhythmic, with rare 
occurrence of “* spindles ”’. 

(6) Fairly Deep Sleep.—Generalized slow waves often 
rhythmic and sometimes synchronous in various areas. 

The E.E.G. change that follows a stimulus during 
sleep is described as a “* K-complex ”’. This appears 
as a well recognizable change in amplitude and 
frequency often in the form of one, or more, large 
diphasic slow waves, which may be accompanied or 
replaced by a run of rhythmic activity (“* spindles ” 
or even alpha rhythms). This change may be short 
lived, but sometimes (and possibly in relation to 
some properties of the stimulus) the E.E.G. may 
change for a while to a different “* level ’”’ of activity. 
The modifications in the E.E.G. after a stimulus may 
not always be associated with a recognizable change 
in the subject’s appearance, even when very marked 
E.E.G. changes occur. 

The occurrence of K-complexes has been studied 
by the various workers previously mentioned. The 
K-complex, although considered by some to repre- 
sent a “partial awakening”, might be related 
instead to mechanisms concerned with the main- 
tenance or protection of sleep. The K-complex is a 
non-specific response in the E.E.G. as it can be 
induced by a variety of stimuli. However, if stimuli 
are repeated several times “ adaptation phenomena ” 
occur (Pampiglione, 1952b), with diminution or 
non-appearance of the K-complex after a number of 
stimuli. Commonly,‘ spontaneous ” E.E.G. changes 
are seen during sleep, morphologically very similar 
to K-complexes evoked by external stimuli. Although 
not clearly proved, it is possible that unnoticed or 
“internal” stimuli, such as extrasystoles, changes 
in respiration, the movement of a limb, borborygmi, 
etc., and perhaps dreams, might be related to the 
appearance of such changes. For descriptive con- 
venience we shall name these “‘ spontaneous K- 
complexes ”’. 

During the waking period, both the reappearance 
and the blocking of the alpha rhythms after a stimu- 
lus may be comparable with the occurrence of a K- 
complex following a stimulus during sleep. The 
“spontaneous” appearance or disappearance of 
alpha rhythms seems to bear a similar relationship 
to the occurrence of “‘ spontaneous K-complexes ” 
during sleep. 
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The Plethysmographic Vasoconstrictor Response 

In this study the peripheral vascular changes were 
recorded by means of a finger plethysmograph. As 
the blood supply to the finger does not include 
vessels to muscular tissue, mainly cutaneous vaso- 
motor reactions are recorded using this technique. 
There is no evidence of dilator fibres in the digits 
and the innervation is entirely sympathetic in origin 
(Warren, Walter, Romano, and Stead, 1942; Arnott 
and Macfie, 1948; Bridges and Yahr, 1955). A 
sudden rapid reduction in the amplitude of the pulse 
volume waves can thus be taken as evidence of vaso- 
constriction and of increased sympathetic activity 
along the vasomotor pathways. The pulse volume 
waves are related to the heart beat but their size is 
largely dependent on the degree of vascular dilata- 
tion. In contrast to the limb plethysmograph, blood 
pressure changes do not appear to be of much 
significance in evaluating changes observed in the 
finger plethysmograph (Burton, 1939; Abramson 
and Ferris, 1940; Neumann, 1943; Matthes, 1952). 
After an adequate stimulus, e.g., noise, light, pain, a 
threat, the pulse and finger volume is decreased, with 
a latent period of three to four seconds, whatever 
effective stimulus is employed. This response is 
absent in the sympathectomized limb. The degree 
of the reduction of volume following a stimulus is 
partly related to the pre-existing dilatation and no 
reflex vasoconstriction can be expected if the vessels 
are not adequately dilated at the time. The duration 
and magnitude of the vasoconstrictor response vary 
considerably and are related both to the intensity of 
the stimulus and to its significance for the individual. 
Repetition of the same stimulus during the waking 
state usually results in a diminution and finally a 
disappearance of the response. 

A similar vasoconstrictor response may occur fol- 
lowing a spontaneous deep inspiration with a latency 
of three to four seconds, although absent in the 
sympathectomized limb. This response may not 
always follow a deep voluntary inspiration but, when 
it does, repetition of deep inspiration tends to reduce 
the response until it is finally extinguished (Bolton, 
Carmichael, and Sturup, 1936). 


Experimental Procedure 

The technique of multiple simultaneous recording used 
has already been described by Ackner (1956b). A special 
feature of the plethysmographic recording was the separa- 
tion of the pulse and finger volumes changes onto two 
separate pens. Recording on a single pen always results 
in the slower finger volume changes altering the base-line 
and distorting the appearance of the pulse volume changes. 
Utilizing different time constants the slower gross finger 
volume changes were sampled and registered by a pen 
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marking “ pips ’’, the intervals of which lengthened or 
shortened with increase or decrease in the volume of the 
finger tip respectively. A separate pen recorded the pulse 
volume changes. Electroencephalograms were taken with 
a three-channel amplifier, using electrodes placed on the 
frontal, central, parietal, and occpital areas of the left 
side of the head. An audiostimulator was used, capable 
of delivering a note of 0-5 sec. duration with fixed or 
variable intensity, pitch, and repetition rate. 

Recordings were carried out in a room maintained at 
22° C. and under quiet conditions. Most of the apparatus 
was housed in an adjoining room. Continuous records 
were taken during the waking state, drowsiness, natural 
sleep, or oral “‘ seconal”’-induced sleep. Satisfactory 
drowsiness and sleep was achieved in 13 normal control 
subjects and 40 psychiatric patients suffering from mixed 
neurotic states. From the control group 13 sleep records 
were obtained of which 11 were naturally occurring and 
two were induced by oral “‘ seconal”. From the psy- 
chiatric patients 47 sleep records were obtained, of which 
17 were naturally occurring and 30 were induced by 
oral “*‘ seconal’’. There was thus a total of 60 records. 


Findings 
Resting State and Drowsiness.—The pulse volume 
waves in an awake and fully alert subject showed 
little change in amplitude, unless external stimuli or 
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emotional disturbance were present. As the subjec, 
began to relax the pulse volume waves showed 
periods of decrease in amplitude lasting a fey 
seconds. With increasing relaxation and drowsiness 
these fluctuations often took on a more periodic 
character, sometimes occurring two or three times q 
minute. These were most marked during the early 
stage of sleep, and, as sleep deepened, tended to lose 
their periodicity, becoming more episodic in their 
occurrence. These phenomena were not so com. 
monly observed in tense, anxious subjects whose 
pulse volume waves usually remained small and 
regular in amplitude until early sleep. At this stage, 
the release of the stress vasoconstrictor factor f 
resulted in a progressive vasodilatation with steady 
increase in the amplitude of the pulse volume waves, 
Thereafter vasoconstriction might occur, though not } 
usually so periodically. In all subjects, spontaneous F 
vasoconstrictions tended to become more infrequent f 
as sleep progressed. 

With the subject fully alert, though with the eyes 
shut, the E.E.G. usually showed little or only a 
moderate amount of alpha rhythms which increased 
as relaxation began. At this stage a stimulus or 
increased alertness might cause a decrease or dis- 
appearance of alpha rhythms for a 
time. Associated with this change there 
was often a vasoconstrictor response 
(about three to four seconds after the 
blocking of alpha rhythms), and the 
subsequent return of alpha rhythms 
was usually followed by a slow vaso- 
dilatation, though the latter might be 
delayed. Spontaneous fluctuations in 
the amplitude of the pulse volume 
waves Often began when the E.E.G. 






























alpha rhythms, but at this stage it was 
not always possible to observe a corre- 
lation between changes in the E.E.G. 
and changes in the amplitude of the 
pulse volume waves. With further 
relaxation and the onset of drowsiness 
the alpha rhythms intermittently dis- 
appeared, and it was at this stage that 
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Fic. 1.—Variations in amplitude of the pulse 


volume waves while the subject (Mrs. W.) is: 


slight variations in amount of alpha rhythms). 
(B) Awake—(no clear relationship with slightly 


“ seconal ’’, gr. 1-5—(vasoconstriction follows 
the periodic reappearance of alpha rhythms). 
No constant variations in rate or amplitude 
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of respiration. 


showed a considerable number of FF 









(A) Awake—{no clear relationship with the [ 





more marked, but not yet periodic changes in F 
amount of alpha rhythms). (C) Drowsy after F 
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FiG. 2.—Subject (Miss O. M.) drowsy (no drugs): The return of alpha rhythms is followed by diminution of the amplitude of the pulse 
volume waves on two occasions. On the first occasion there is a change in depth of respiration while on the second occasion 


there is no change. 


the fluctuations in the amplitude of the pulse volume 
waves tended to become more periodic and to have 
an increasing association with the E.E.G. changes 
(Fig. 1). The return of alpha rhythms at this stage 
was often followed (about three or four seconds later) 
by a rapid vasoconstriction lasting a few seconds. A 
gradual vasodilatation followed which was main- 
tained during the subsequent phase of disappearance 
of alpha rhythms. A subsequent return of alpha 
rhythms might again be followed by a period of vaso- 
constriction. For a time periodic reductions in the 
amplitude of the pulse volume waves were 

often associated with the reappearance of TME-!SEC 
the alpha rhythms, and as the latter became 

more infrequent, so did the associated vaso- 
constrictions (Fig. 2). 


Sleep.—During light sleep, “ spindles” —\5O 


and some slow activity appear in the E.£.G. RESPIRATION 


while the alpha rhythms are no longer seen. — 


If the alpha rhythms spontaneously re- 
appeared vasoconstriction usually followed. 
The occasional or periodic appearance of 
spindles, however, was not associated with 
changes in the pulse volume waves (Fig. 3). 
An adequate external stimulus at this stage 
would cause the reappearance of alpha 
rhythms followed by a _ vasoconstrictor 
response with the usual latency. The mor- 
phological ct aracteristics and time relation- 
ships of both these E.E.G. and plethysmo- 
graphic changes were similar whether these 
were evoked or occurred spontaneously 
(Fig. 4). 


Fic. 3.—Subject (Mr. B.) asleep after “* seconal"’, gr. 3: 
(A) No change in pulse waves accompanying the 
appearance of spindies. (B) ‘‘ Spontaneous ”’ varia- 
tions in amount of slow waves accompanied by 
vasoconstriction. (C) ‘“‘ Spontaneous ”’ variations in 
amount of slow waves not accompanied by vaso- 
constriction. 


FINGER VOL. 


As sleep deepened, “* spontaneous ” K-complexes 
occurred from time to time in the E.E.G. and these 
were often associated with a vasoconstrictor response. 
At this stage of sleep an adequate external stimulus 
evoked a K-complex in the E.E.G. followed by a 
vasoconstriction. Again the E.E.G., the plethysmo- 
graphic changes, and their time relationships were 
similar whether such changes were evoked or oc- 
curred spontaneously (Fig. 5). Sometimes the evoked 
changes in the E.E.G. were followed some seconds 
later by “* secondary ” K-complexes and these were 
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Fic. 4.—Subject (Mrs. C.) drowsy after “‘ seconal”’ gr. 3: (A) “‘ Sponta- 
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neous ”’ return of alpha rhythms followed by vasoconstriction. 
(B) Evoked return of alpha rhythms is followed by vasoconstric- 
tion with a delay similar to the ‘* spontaneous ”’ response in (A) 
above. (Stimulus indicated by black area on time marker.) 


5.—Subject (Mrs. S.) asleep after “‘ seconal”’, gr. 3: (A) Two 
** spontaneous ”» K-complexes are followed by vasoconstriction. 
(B) K-complex elicited by stimulus is followed by vasoconstric- 
tion with a delay similar to the ** spontaneous ”’ response in (A) 
above. (Stimulus indicated by black area on time marker.) 
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on occasions associated with a furthe & 
vasoconstriction. Sometimes a “ sponta. 
neous” K-complex was followed a fey 
seconds later by one or more further 
K-complexes and a vasoconstrictor response 
might be associated with the initial or the 
subsequent E.E.G. changes or with both, 
When prolonged E.E.G. changes occurred 
these might be accompanied by vasocon. 
striction, but the onset of the latter had, 
variable time relationship to the onset of 
the E.E.G. changes. 

Repetition of an adequate external 
stimulus, such as a high-pitched note, at a 
suitable constant rate, e.zg.,every 20 seconds, FF. 
resulted in more complex changes which 
will be reported in detail in a laterf 
communication. 

































































































Deep Sleep, Awakening, and Subsequent } *!" Y 
Drowsiness.—As sleep progressively | bodil; 
deepened an external stimulus evoked a pea 
less recognizable E.E.G. change and the § A’ 
latter was less often associated with a vaso- § ™@Y 
motor change.. Unless the level of sleep sane 
was changed by the stimulus a vasocon- | ™™ 
strictor response did not usually occur and | 
during deep sleep. Awakening with return indiv 
of alpha rhythms was always followed bya anott 
marked vasoconstriction, with subsequent have 
gradual vasodilatation. When the drowsy ye 

post-sleep stage was prolonged, wax- see 
ing and waning of alpha rhythms peru 
associated with changes in the ampli- § %" 
tude of the pulse volume was com- F = 
monly seen. = 





















Discussion 


External stimuli and other influences = 
causing a change in attitude or alert- | ws 
ness of the individual have long been | 
known to cause responses in the f on 
E.E.G. and plethysmographic record. f ” 
An external stimulus will be followed }, 
a fraction of a second later by recog- a 
nizable changes in the E.E.G., such as f — : 
variations in the alpha rhythms or the . : 
appearance of K-complexes, according 

B to the level of alertness or sleep. In the | on 
- : ; abc 
plethysmograph a fairly rapid vaso- t 
constriction occurs with a latency of f : 
some three to four seconds following a 
an adequate external stimulus. The — 
E.E.G. and plethysmograph simulta- f = 





neously recorded show not unexpected- | 
ly that these responses, when evoked f 
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by external stimuli, are related to each other 
in time. This type of simultaneous recording 
sveals in addition that certain apparently sponta- 
eous vasoconstrictor changes in the finger are 
pmmonly associated with apparently spontaneous 
EE.G. changes and follow the latter after some 
hree to four seconds. This is the same latency as 
hat of the evoked responses. Furthermore, the 
morphology of the “* spontaneous ” E.E.G. changes 
preceding the “spontaneous” vasoconstrictions 
aries according to the level of alertness or sleep in 
‘iust the same way as do the E.E.G. responses evoked 
by alerting stimuli. It thus appears probable that 
many of the apparently spontaneous vasoconstric- 
tions in the plethysmographic record, which have 
‘formerly been ascribed to a variety of causes, are 
really related to fluctuations in the levels of alertness 
or sleep. Presumably such vasoconstriction of the 
skin vessels is, as with the evoked changes, part of a 
bodily alerting reaction, perhaps diverting blood to 
areas which are becoming mobilized for activity. 
A subject’s pattern of falling asleep or sleeping 
smay vary according to many factors, such as the 
state of his digestion, his preoccupations of the 
moment, the external stimuli applied during testing, 
and how long he is left to sleep. Thus the same 
individual’s pattern may vary from one occasion to 
another. Because of this variability, the findings 
have been presented in a descriptive form rather than 
assessed quantitatively in terms of their relative ap- 
pearance. Such results would only be valid for the 
particular group of subjects observed. Another 
group composed of similar subjects would no doubt 
reveal phenomena similar in nature but not neces- 
sarily comparable in extent. 
The relationships described are not easily recog- 
' nizable in all records, being difficult to observe in 
those subjects who are tense before sleep or who 
fall asleep relatively suddenly and deeply. They are 
best seen in those subjects who, by relaxing easily, 
remaining drowsy, or falling asleep slowly, show 
fluctuations in levels of E.E.G. activity before finally 
| reaching deep sleep. The phenomena occur, how- 
ever, in both normal subjects and in psychiatric 
) patients, whether drowsiness and sleep occur natur- 
ally or are induced by oral “* seconal ”’. 
From time to time, and especially during the early 
stage of sleep, the plethysmographic changes noted 
above are associated with a change in the character 
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of |. Of respiration. That the latter is not the significant 
1g factor determining the plethysmographic changes or 





their relationship to the E.E.G. changes is quite 
» certain, for the E.E.G. and plethysmographic changes 
| described are commonly seen in the absence of any 
appreciable variation in the respiratory rate, rhythm, 
) or amplitude. 
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Conclusion 


An external stimulus which will cause, with a 
latency of three to four seconds, a peripheral vaso- 
constrictor response tends also to evoke almost 
immediately in the E.E.G. a disappearance of alpha 
rhythms, a reappearance of alpha rhythms, or a 
K-complex, according to whether the subject is 
awake, drowsy, or in medium sleep respectively. 

Peripheral vasoconstrictor changes occurring ap- 
parently spontaneously are often preceded (by three 
to four seconds) by apparently spontaneous dis- 
appearance of alpha rhythms, reappearance of alpha 
rhythms, or a K-complex, according to whether the 
subject is awake, drowsy, or in medium sleep 
respectively. 

Many apparently spontaneous vasoconstrictor 
changes are thus preceded by E.E.G. changes with a 
time relationship and morphology similar to those 
evoked by alerting stimuli at different stages of 
wakefulness or sleep. 

It thus appears probable that these apparently 
spontaneous vasoconstrictions are really occurring 
in relation to spontaneous fluctuations in the levels 
of alertness or sleep. 


Summary 

Simultaneous E.E.G. and plethysmographic re- 
cordings were carried out on normal and neurotic 
subjects during wakefulness and during natural and 
** seconal ”’-induced sleep. Changes in alertness or 
level of “‘ consciousness ’’ were often found to be 
associated with E.E.G. and _ plethysmographic 
changes in a recognizable relationship. The morpho- 
logy and time relationships of these phenomena were 
similar, whether the changes in alertness or in level 
of sleep were evoked or occurred spontaneously. 
These phenomena were observable both in normal 
and neurotic subjects, whether drowsiness and sleep 
occurred naturally or were induced by oral “‘seconal”’. 
Their occurrence appeared to bear a relationship to 
the state of relaxation of the individual and to the 
pattern of falling asleep. It is suggested that many 
of the “ spontaneous” peripheral vasoconstrictor 
changes occurring during relaxation, drowsiness, and 
early sleep have the same significance as the responses 
evoked by an alerting stimulus. 
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CONDUCT DISORDERS IN EPILEPTIC CHILDREN 
BY 
F. GRUNBERG and D. A. POND 


From the Maudsley Hospital and the Department of Clinical Neurophysiology, Institute of Psychiatry, 
London, S.E.5 


' The management of epileptic children has greatly 
improved during the last 10 years with new methods 
of investigation, new anticonvulsant drugs, and 
sometimes neurosurgical procedures, but conduct 


‘disorders encountered in epileptic children remain a 
most intractable problem. 


In spite of popular beliefs only a small proportion 
of epileptic children have severe disorders of this 
type. Henderson (1953) found that about 12% of a 
random sample of school-age epileptics were 
emotionally disturbed and badly behaved. Bridge 
(1949) found only 9% of severe disorders in his large 
clinic material though one-third were mildly dis- 
turbed. As in the case of adult epileptics, the favoured 
aetiological theories blame either physiological 


factors (leading to such concepts as the epileptic 


personality) or environmental factors such as 
parental mishandling. Pond (1952) considered that 
in fact both environmental and physiological factors 
had to be taken into account. 

The object of this study was to investigate factors 
associated with conduct disorders in epileptic chil- 


dren and to compare them with conduct disorders in 


F non-epileptic children. 


Material and Methods 


This study was based on the analysis of the case 
histories of 53 selected epileptic children with conduct 


disorders, 53 psychologically normal epileptic chil- 
‘dren, and 35 non-epileptic children with conduct 


disorders. They were all seen at the Children’s 
Department of the Maudsley Hospital, and examined 


| and investigated as reported by Pond (1952). 


All the epileptic children had a clinical history of 
fits and a definite epileptic E.E.G. The non-epileptic 


) children had no clinical history of paroxysmal loss 
> of consciousness whatsoever and their E.E.G.s were 


normal for their age group. The psychologically 


5 normal epileptics did not present any significant 
} ‘motional or behaviour problems. It was essential 
> In such a study to form groups as homogeneous as 


possible and the criteria for selection were as 


follows. 


Psychiatric Criteria.—The term “ behaviour dis- 
order ’’ was not used here because conventionally 
this term implies a whole range of disturbances 
which were not considered in this investigation, 
which was restricted to conduct problems, i.e., those 
which are socially disturbing, as opposed to per- 
sonality problems, which are more specifically related 
to the child himself. Conduct disorders were more 


‘easily elicited objectively and were usually a major 
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complaint if severe and persistent. They included 
aggressive manifestations, such as severe and fre- 
quent temper tantrums, destructiveness, fighting, etc., 
truanting and wandering, lying and stealing. In 
other words, only children who came into conflict 
with society whether in the family or outside were 
selected, although an overlapping with other types 
of disorders, such as neurotic symptoms or enuresis, 
was inevitable. Nevertheless, cases where neurotic 
symptoms, such as severe obsessions, anxiety, 
depression, dominated the clinical picture, were 
excluded from the investigation. 


Physical Criteria.—Children with severe physical 
handicaps as well as epilepsy (e.g., infantile hemi- 
plegias) were excluded because such disabilities in 
themselves may produce social and psychological 
problems. 


Social Criteria.—All the selected children when 
seen at the clinic were living at home, with at least 
one relative, and were all attending day schools for 
normal or educationally subnormal children. Chil- 
dren in boarding schools and institutions were 
excluded. 


Intelligence Criteria.—All the selected children 
had intelligence tests. Severe mental defectives were 
excluded but children with I.Q.s as low as 65 were 
considered if they were attending day schools for 
educationally subnormal children at the time of 
examination. 


Evaluation of Aetiological Factors 


The three groups of children were compared under 
three sets of factors: organic, genetic, and social, 
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which had been elicited in the history of each case. 
The statistical technique was the x’ test. 


Organic Factors.—They include: (a) natal and 
post-natal brain injuries characterized by difficult or 
protracted labour, damage done through instru- 
mental delivery or breech extraction, post-natal 
head injuries sufficiently severe to cause some loss of 
consciousness after the accident, and sometimes post- 
concussional symptoms; (5) all forms of meningitis 
were considered but only clinically typical cases of 
encephalitis were included. 


Genetic Factors.—The family history of the chil- 
dren was investigated for evidence of psychosis, 
neurosis, psychopathy (including severe alcoholism), 
and epilepsy in parents, siblings, paternal and 
maternal grandparents. 





Environmental Social Factors.—The disturbances 
in the maternal or paternal (or substitutes’) attitude 
towards the child, including the rejecting mothers 
showing overt hostility or neglect, were studied, 
also the rigid perfectionist and the over-protective, 
over-solicitous mother. 


Sibling Rivalry.—This was defined as a disturbed 
emotional relationship between the patient and at 
least one of his brothers or sisters. 


Restriction.—This refers to parental attitudes or 
to the material environment, i.e., when the child was 
deprived of the normal social opportunities of a 
child of his age. 


Breaks and Changes in Environment.—These were 
observed in cases where the family led a nomadic 
existence or in cases where the child was often sent 
to live with other relatives or even in institutions 
for a time. 

Marital disharmony among parents was another 
factor. 

Such information is routinely obtained in the 
histories of all children seen at the Maudsley Child 
Guidance Clinic. 


Results 


Tables I and II show the results in 53 epileptic 
children (Group A) with and 53 without conduct 
disorders (Group B). The groups were homogeneous 
but not exactly matched. Their ages ranged from 
5 to 16 years and the I.Q.s from 65 to 130, ascer- 
tained by the Wechsler-Bellevue or Stanford-Binet 
tests. 

Table I shows that there were no significant 
differences between the two groups in respect of 
personal history of any form of brain damage. As 
regards genetic factors only a family history of 
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TABLE I 
ORGANIC AND GENETIC FACTORS IN EPILEPTIC J ogGal 
CHILDREN 
| 53 Children | $3 Children | Ta 
wit without : 
Factors Conduct Conduct — 4 2 
Disorders Disorders F: 
(Group A) | (Group B) 
Prenatal and post- 13 8 5 es i 
—_— cerebral a 
amage 
Meningitis-encepha- 6 6 ; o— —|~— —_ 
litis dam 
Psychosis in the 5 | 5 — — Mening 
family encey 
Neurosis in the 13 9 4 —|~[B psycho: 
family : famil 
Psychopathy in the 12 2 10 7 001 Neuros 
amily fami 
Epilepsy in the 10 11 —1 —| Psycho 
family the f 
——— i Epilep: 
fami 
psychopathy reached a significantly greater incidene} 
at the 10% level in the children with conduc Ta 
disorders. facto 
In contrast Table II shows several significant en. — betw 
vironmental differences. The greatest differences 
were in maternal attitude and in breaks and changes 
in environment, but all the other factors investigated B envi 





showed less marked differences. 








































TABLE Il 
SIGNIFICANT ENVIRONMENTAL FACTORS IN EPILEPTIC 
CHILDREN 
$3 Child- | 53 Child- 
ren with jren without — 
Factors Conduct | Conduct | Differ- x’ P Pater 
Disorders | Disorders | ence dist 
(Group A) | (Group B) RE Siblin 
Maternal atti- 34 10 14 | 226 0-001 Marit 
tude disturbed Restr 
Paternal atti- 17 6 11 5-2 | 0-05 -0-02 hot 
tude disturbed Break 
Sibling rivalry 10 2 8 5-2 | 0-05 - 0-02 int 
Marital dishar- 14 4 | 10 5-4 0-02 
mony among 
parents 
Restriction at 9 1 8 64 | 0-02-00! 
home 
Breaks and 14 \ 1 | 13 il 0-00! 
changes in en- 
vironment | | 




















Tables III and IV show the results in 35 epileptic 
children (Group C) with conduct disorders and in 
35 non-epileptic children with conduct disorders 
(Group D); their ages ranged from 5 to 15 years 
and I.Q.s from 76 to 130. These groups were 
exactly matched for age, sex, and _ intelligence. 
Group C is smaller than Group A because of the 
difficulty in obtaining exactly matching pairs, but 
the tables show that the smaller is not different from 
the larger in any important way. 

Table III shows no difference in organic factors in 
the personal history and only a slightly significant § 
difference in the family history of epilepsy. 
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TABLE III 


ORGANIC AND GENETIC FACTORS IN CHILDREN WITH 
CONDUCT DISORDERS 





35 Non- 
epileptic 
a 
Conduct wa 

: Conduct 
Disorders Disorders 


(Group C) | (Group D) 


| 
35 Epileptic | 
Children 
with 


| 


Factors 





Prenatal! and post- 
natal cerebral 
damage 
Meningitis- 
encephalitis 
Psychosis in the 
family 

Neurosis in 
family 
Psychopathy 

the family 

§ Epilepsy in 
family 

















Table IV shows that as regards environmental 
factors there were no significant differences at all 
between the two groups. 


TABLE IV 


ENVIRONMENTAL AND SOCIAL FACTORS IN CHILDREN 
WITH CONDUCT DISORDERS 





35 Non- 
epileptic 
Children 
with 
Conduct 
Disorders 
(Group D) 


35 Epileptic 
Children 
with 
Conduct 
Disorders 
(Group C) 


Factors 





Maternal attitude 25 27 
disturbed 
Paternal attitude 12 
distur 
Sibling rivalry 7 
Marital dishar- 10 
mony 
Restriction at 7 
home 
Breaks and change! 13 
in environment 

















Discussion and Conclusion 


This study revealed that only unfavourable social 
environmental factors were significantly associated 
with disorders of conduct, the most significant being 
a disturbed attitude of the mother towards the child 
and experiences of breaks and changes in environ- 
ment during the child’s life. Cerebral organic factors 
without neurological sequelae, or a history of 
psychosis, neurosis, and epilepsy in the family were 
; not found to be specifically associated with conduct 
disorders. Psychopathy in the family, which was 
investigated as a genetic factor in the aetiology of 
conduct disorders in epileptic children, might well 
have operated as an environmental factor. The 
correlations in the epileptics (Groups A and B) are 
in accordance with those of Bridge (1949) who found 
that personality disorders were more highly corre- 
lated only with environmental factors and not with 


brain damage. On the other hand, when epileptic 
and non-epileptic children (Groups C and D) with 
conduct disorders were compared there was no 
significant difference in the three sets of factors apart 
from the incidence of epilepsy in the family, which 
was higher in the epileptics (Group C) as expected. 
The surprising absence of significant differences in 
the incidence of cerebral trauma and infection in 
the two groups might have been due to a selection 
bias, because it was essential for the purpose of the 
investigation to select non-epileptic children with 
normal E.E.G.s to exclude all possible organic 
factors in this group. Electroencephalographic 
examinations are not carried out routinely in child 
guidance cases but are usually requested when an 
organic factor is suspected. This explains why the 
selected non-epileptic group might have been over- 
weighed by suspected organic factors. 

When environmental social factors were examined, 
epileptics and non-epileptics with conduct disorders 
had very similar backgrounds. Both groups suffered 
from disturbed parental emotional attitudes, sibling 
rivalry, marital disharmony of parents, restriction, 
and breaks and changes in environment. These find- 
ings suggest a causal relationship between conduct 
disorders and disturbed social background in 
epileptic children. Moreover, Henderson’s and 
Bridge’s incidence of behaviour and personality 
disorders in epileptic children corresponds roughly 
to estimates of the proportion of all psychiatric 
disorders in the total child population. Such a dis- 
tribution could result either from factors within the 
child or from factors within the parents such as their 
mishandling leading to maladjustment. Epilepsy in 
one of the children constitutes an added stress in any 
family. Such a child must certainly strain the 
mother’s resources. There is no doubt that a woman 
who is not yet emotionally adequate for maternity 
would be further disturbed were her child epileptic. 
On the other hand, a normal woman who has an 
epileptic child would probably tend to be more 
over-protective, anxious, and restrictive. This was 
corroborated by Navratil and Strotzka (1954) 
who gave a maternal attitude questionnaire to 
100 mothers of epileptic childern and a control group 
of 100 mothers of normal children. From their 
investigation it was clear that the mothers of epileptic 
children were more over-protective and anxious, and 
there was a striking difference between the two 
groups on questions dealing with guilt and self- 
reproach. The authors concluded that the mothers 
of epileptic children had a tendency to be of the 
“* compensatory over-protective ” type. 

Pond and Bidwell (1954) have discussed (with case 
histories) the treatment of the whole family situation, 
and especially the problems of the mother, that is 
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often necessary for the relief of the behaviour dis- 
order of the child. 

The plan of this investigation did not permit of 
any separate study of different types of epilepsy, as 
discussed by Pond (1952) and more intensively by 
Nuffield (in press). Likewise, the investigation can 
give no data for or against the existence of the so- 
called “* epileptic personality ’’, or any specific traits 
seen only or mainly in epileptic children as described 
by Bradley (1951). There is no doubt that different 
forms of epilepsy are associated with different per- 
sonality reactions and behaviour disorders, but 
whether all epileptics have traits in common is less 
certain. 

The main conclusion to be drawn from this study 
is that conduct disorders in epileptic children cannot 
be properly investigated or treated save by the 
methods of child psychiatry which alone can make 
a full study of the emotional development of the 
child and its relation to the social milieu. Such 
investigations are as necessary as the medical and 
physiological studies needed to diagnose the type 
and cause of the actual epileptic attacks. 


Summary 
Fifty-three epileptic children with conduct dis- 
orders were compared with 53 psychiatrically normal 
epileptic children in respect of three sets of factors: 
organic, genetic, and social environmental. A 


x* Statistical analysis revealed that the two 


groups differed significantly as to their social ep. 
vironment. The epileptic children with conduct 
disorders had a more disturbed family background, 
The most significant social environmental factors 
were a disturbed emotional maternal attitude towards 
the child and experiences by the child of breaks and 
changes in environment. 

When 35 epileptic children with conduct disorders 
were compared with 35 non-epileptic children with 
the same behaviour problems, the sameadverse social 
environmental factors were found in both groups. 
Although an association between conduct disorders 
in childhood epilepsy and an adverse social back- 
ground was demonstrated in this study, the authors 
conclude that no causal relationship between an 
unfavourable social environment and conduct dis- 
orders in epilepsy has been established. Other factors 
such as the nature of the “ epileptic process ” and 
the effect of the epilepsy on the environment were 
not considered. The disturbed family background 
associated with conduct disorders in childhood 


epilepsy, whether causal or not, must be dealt with 
by combined medicai and child guidance techniques. 
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PROCEEDINGS OF THE SOCIETY OF BRITISH 
NEUROLOGICAL SURGEONS: 54th MEETING 


The 54th meeting of the Society of British Neurological Surgeons was held in Bristol from November 
22 to 24, 1956, the President, W. R. Henderson (Leeds), in the chair. 


Subdural Hydroma: Problems of Diagnosis 

D. G. PHILLIPs (Bristol) presented a study of 34 cases 
of subdural hydroma. There was a history of head injury 
in 22 cases. Problems of diagnosis presented at three 
stages, clinical, radiological, and surg:cal. 

The clinical syndromes resembled those of subdural 
haematoma but might be more insidious, particularly in 
chronic cases. Headache was the commonest symptom 
but had no characteristic features and was not invariable. 


Carotid angiography revealed abnormality in only four “ 


out of nine cases. The assessment of the findings with air 
encephalography was difficult. In cases where subdural 
fluid was subsequently drained, subdural air was usually 
present in the first films, but showed in much greater 
amounts, usually with a fluid level, after 24 or 48 hours. 
Results of drainage in these cases were encouraging. 

In a comparable number of cases where air encephalo- 
graphy showed subdural air, exploratory burr holes were 
negative, or no further procedure was undertaken. 
Practically all of those having burr holes had relief of 
symptoms, along with half of those having no further 
procedure. Negative exploratory cranial burr holes 
might be misleading. It was often noted that fluid, not 
found with parietal burr holes with the patient supine, 
was present in the frontal region. The fluid was found in 
that part of the cranium which was uppermost. 

The quantities of subdural fluid actually collected in 
22 cases varied from a few millilitres up to 270 ml. 
(average 67 ml.). It was suggested that the amounts 
actually present must have been greatly in excess of these 
figures. Protein content of the fluid in 27 cases varied 
from 85 mg. % to 5g. % (average 1:3 g. %). In 20 of 
these cases the content was 500 mg. % or more. These 
high figures, where there had been recent air encephalo- 
graphy, suggested that the fluid loculation antedated the 
examination. In these cases lumbar cerebrospinal fluid 
protein contents were low. 

It was not thought that psychological complications 
played a significant part in this series. Burr holes were 
not made in a number of cases because of the wish to 
avoid such complications. A number of these cases might 
be missed because of the uncertain means of diagnosis. 


Acute Intradural Haematoma 
A. HuLME (Bristol) presented a review of 32 cases of 
acute intradural haematoma. All cases were admitted 
within 24 hours of receipt of their injury. Although the 
Prognosis was generally bad, a certain number made an 
excellent recovery following early evacuation of subdural 
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or intracerebral blood clot. Of 32 cases, 15 survived 
and 10 made an excellent recovery. None of the survivors 
failed to make a useful recovery. 

The most important criterion for early operation was 
deterioration in the level of consciousness. The impor- 
tance of deterioration after only partial recovery of 
consciousness—the “‘semi-lucid interval” —was empha- 
sized. Only a minority of cases exhibited a clear-cut lucid 
interval. Eighteen cases showed unilateral or bilateral 
fixed dilated pupils, and 11 decerebrate posture on ad- 
mission. The prognosis in cases showing evidence of 
advanced brain-stem compression was naturally worst, 
and of patients showing a combination of these signs 
only three survived. However, even in these cases the 
outlook was not necessarily hopeless, provided that the 
situation was dealt with promptly. 

Multiple blood clots were found not infrequently. 
Combined extradural and intradural collections were 
encountered in seven instances. Operation was usually 
preceded by bilateral diagnostic burr holes. In some 
instances arteriography was of great value. 

Treatment consisted of evacuation of blood clot, for 
which a craniotomy was usually required. In the majority 
of cases solid clot was encountered. Intrathecal injection 
of saline to reduce tentorial impaction proved valuable 
in a number of instances. Many of these patients passed 
through a critical period during the early post-operative 
phase and skilled nursing played a large part in their 
survival. The extent to which neurological recovery could 
occur, often over long periods, was impressive. 


The Importance of Shock in Head Injuries 

J. V. CRAWFORD (London) discussed results obtained 
by two forms of treatment in a series of severe head 
injuries. First in a series of 12 cases showing a syndrome 
suggesting hypothalamic disturbance, A.C.T.H. was 
given. Two cases showed dramatic improvement, three 
cases improved enough to justify continuing and re- 
covered. One case initially improved but relapsed and 
died. Six cases showed no effect, five of them died. 

Secondly, 20 cases of severe head injury were subjected 
to chlorpromazine and cooling to 90° to 92° F. to try and 
assess any obvious benefit. They were classified as: 

(a) Two cases of severe early concussive shock; 
treatment was not persisted with owing to hypotension, 
one died. 

(b) Eleven cases in coma who were deteriorating; 
one patient rapidly improved and later recovered; 
three patients (also given A.C.T.H.) improved and 
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eventually recovered ; one patient with bouts of periodic 
respiration reverted rapidly to normal rhythm, slowly 
improved and recovered. Six patients (including two 


with A.C.T.H.) showed no real improvement—all 
died. 


(c) Seven cases with hyperthermia (including five 
under (5) ). All temperatures dropped below normal— 
two died. 

(d) Two cases with respiratory obstruction; one im- 
proved dramatically and recovered; the other showed 
insignificant improvement and died. 

(e) Three cases of extreme restlessness; all responded 
to some degree—all recovered. 


Tt was emphasized that except group (e) all cases were 
very ill and appeared to be deteriorating. It was fully 
realized that no conclusions could be drawn from so small 
a number. 


The Role of Acetylcholine in Head Injury 


Bropit HuGues (Birmingham) presented the results of 
some investigations into the role of acetylcholine in head- 
injured patients and discussed their significance. The 
presence and amount of acetylcholine in the C.S.F. was 
estimated by a bio-assay method using the isolated heart 
of Mya arenaria. 1n a control series of 200 neurological 
cases only occasional positive assays were encountered 
and the amounts recorded were quite small. 

Forty-two assays were made in 20 head-injured patients 
and 43% of these were positive. Quantities varied, the 
highest recorded being 10 gamma %. A correlation was 
then made between various physical factors in head injury 
and the presence and quantity of acetylcholine found. 
No close relationship could be demonstrated between 
acetylcholine levels and the state of consciousness, gross 
local damage to the brain, or generalized neuronal 
damage as estimated by the post-traumatic amnesia. 

Statements by previous workers that the presence of 
acetylcholine was associated with low voltage “ flat” 
E.E.G. records was not confirmed, most patients with 
positive assays having high voltage records with much 
delta activity. Return of the E.E.G. pattern towards 
normal rhythms and voltages did not appear to have any 
relationship to rise and fall of acetylcholine levels. Most 
commonly positive assays were obtained in the second or 
third week after injury. In a few cases early high levels 
were encountered and in one case there was a sharp 
terminal rise before death. 

The effect of atropinization with doses as high as 
1/10 grain (6-5 mg.) was tried but without effect in either 
positive or negative assay patients. 

No clear conclusions were arrived at concerning the 
origin of the acetylcholine though the information avail- 
able suggested that it originated from a specific group of 
cells. The late appearance of the substance suggested that 
the area of brain responsible was probably damaged by 
secondary changes after injury rather than by the primary 
injury. It was suggested that the finding of groups of 
chromophobic cells in the anterior hypothalamus in post- 
mortem material from positive assay patients might 
provide a clue as to the site of injury responsible. 
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Experimental Studies in Brain Swelling 
W. E. STERN (Los Angeles) reported the results 9 
experimental laboratory techniques applied to the Study 





was defined as a state of increased brain bulk with an 
attendant increase in C.S.F. pressure. 

Intravenously administered distilled water (40 ml./kg. 
at 60 drops/min. at 37° C.) in 20 adult mongrel cats pro 
duced an elevation of cisternal C.S.F. pressure averagin 
210 mm. water above the starting pressure. Such chang 
were not noted when physiological salt solution was 
administered under similar circumstances. Brain water 
and electrolyte determinations were made by gravimetric 
and spectrophotometric analyses. 

To elucidate the relationship between bulk increase oj 
the swelling brain and C.S.F. pressure a second series of 
animals was studied whereby the brain was compressed 
by a balloon distended with known volumes of fluid, 
The compression was designed to produce the same 
C.S.F. pressure for the same duration of time as had 
occurred with the administration of distilled water alone. 
The intracranial volume was determined as well as, ina 
second series, the relationship between brain mass and 
intracranial volume. From data so accumulated it could 
be calculated that if water increase in the brain were the 
sole factor explaining the pressure increase it would 
require an increment of 2-5 %. 

Although statistically significant increases in water 
occurred in the grey matter of the brain of animals 
receiving distilled water and in animals previously pre- 
pared with antidiuretic hormone followed by water, the 
increases were not of the calculated magnitude. When 
electrolyte changes were recorded they were in the 
direction of sodium falls and potassium rises, especiall) 
in the grey matter. 

Brain compression by balloon methods and followe 
by water administration produced maximum elevation oi 
cisternal pressure. The pressure elevation produced by 
water alone was not associated with the death of any 
animal. Brain compression techniques which produced 
the same pressure elevations were often associated with 
death of the animal. ‘“‘ Spontaneous” rises in C.S.F. 
pressure could be observed suggesting shifts and impac- 
tion of brain tissue. When compression was followed by 
water administration the death rate was maximal. Spon- 
taneous drops in C.S.F. pressure occurred suggesting 
mechanisms related to but opposite in effect of the 
“‘triggering”’ mechanism which produced the spontaneou 
rises during active balloon compression. 

Fluid shifts within, and to and from, brain tissue 
together with mechanical distortions and impactions or 
disimpactions probably determined the death or survival 
of the animals so studied. 


Ventriculo-peritoneostomy in Post-inflammatory 
Hydrocephalus 

J. MoorE ROBERTSON (Glasgow) reported on the treat- 
ment of 19 cases of post-inflammatory hydrocephalus of 
obstructive or communicating type by means of ventriculo- 
peritoneostomy. Polythene tubing, used in early cases, 
was abandoned owing to its tendency to kink and break 
and was replaced by silicone tubing. It was stressed that 
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tendency to slip. 
Six cases of late hydrocephalus following apparent 
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17 months to three years after treatment. Tuberculous 
infection recurred in only one case. 

One case, a child of 5 years, died suddenly a year 
after operation. Death was thought to be due to tube 
blockage but this was not clearly established at necropsy. 
The remaining five cases had remained free from symp- 
toms and signs of intracranial hypertension for periods 
of four months to three years since operation. 

Five cases of acute hydrocephalus in the active stage 
of tuberculous meningitis were treated, aged from 11 
months to 20 years. These patients showed progressive 
deterioration under treatment and developed hydro- 
cephalus of obstructive or communicating type. One 
patient died 10 days after operation, two were progressing 
satisfactorily under treatment, and two had completed 
treatment and were well. The period of follow-up was 
from three months to two years. 

Eight cases of hydrocephalus following septic menin- 
gitis were treated. In five of these polythene tubing was 
used. Four of these died of progressive hydrocephalus 
due to failure of the drainage procedure. The remaining 
case remained well for two years when the drainage tube 
broke in situ and symptoms recurred. The broken tube 
was replaced by a silicone drain with satisfactory results. 

In the remaining three cases silicone tubing was used. 
One case died five months after operation from pro- 
longed generalized sepsis which had started in neonatal 
life. Two patients were well four months and one year 
after operation. 


An Unusual Cerebellar Tumour with Unusual Metastases 

ARNOLD DE VeT (Wassenaar) reported the findings in 
the case of a young man, aged 21 years, who was operated 
on in July, 1953, for an intracerebellar tumour near the 
midline. It was a malignant growth, at that time con- 
sidered to belong to the group of the medulloblastomata. 

After subtotal surgical extirpation and a course of deep 
x-ray treatment, the patient had so far remained without 
symptoms of local recurrence. He developed, however, 
spinal metastases of which the first one, especially, was 
of a very unusual type. 

Eighteen months after the cerebellar operation he began 
0 show signs and symptoms of a spinal cord lesion at 
L.2, 3 level and four months later he was operated on 
again. A long, cylindrically-shaped, well-encapsulated 
tumour (6 x 1-5cm.) with a smooth surface and without 
any tendency to invade the surrounding structures was 
removed entirely and at the time of operation no one 
considered this neoplasm to be a metastasis of the cere- 
bellar tumour. Microscopically, however, this was proved 
to be the case. 

The patient, therefore, received a series of x-ray treat- 
ments to the spine. He recovered only partially and in 
the beginning of 1956 a total transverse lesion of the 
spinal cord at mid-thoracic (T.8) level developed. 

The patient did not return for further treatment until 
August, 1956. Examination revealed the existence of a 
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new spinal tumour. This time, however, the tumour was 
not so well encapsulated and there was diffuse infiltration 
of the leptomeninges. Nevertheless, this metastasis, the 
total length of which amounted to 12 cm., was removed 
almost completely except for the thin layers of lepto- 
meningeal infiltration; it also was of an unusual type. 

Recovery was better than could be expected after a 
transverse lesion syndrome of such long standing. Another 
series of intensive x-ray treatments to the spine was given 
and the patient’s condition remained fairly good. 

The microscopical picture was the same in all three 
tumours. It was that of an extremely cellular neoplasm, 
with pleomorphous cells without protoplasm and very 
little stroma; there were numerous mitoses, the number of 
which varied considerably in different parts of the tumour. 
A strict classification of this glioma was not possible 
because of its marked anaplastic character. 


Parkinsonism Secondary to Cerebral Tumours 

A. DicKsoN WriGHt (London) reviewed reported 
instances of a Parkinson syndrome produced by cerebral 
tumours. It was noted that, whilst tumours located within 
the basal ganglia might be expected most often to produce 
the syndrome, the majority of reported cases were of 
tumours in the neighbourhood compressing and dis- 
torting these structures. Instances of the syndrome being 
produced by tumours in the parietal, parasagittal, and 
septum lucidum areas were noted. 

Three personal cases in which Parkinsonism had been 
produced by sphenoidal wing meningiomas were re- 
ported; these appeared to be unique in the literature. 


Case 1.—An adult female patient was noted to be 
developing a Parkinson syndrome and quickly deterior- 
ated and had to abandon her employment. The true 
diagnosis was not suspected until she was admitted to 
hospital following a minor head injury. Examination 
revealed papilloedema and homonymous field loss. Ven- 
triculography revealed the presence of a large sub- 
temporal mass and at operation a huge sphenoidal wing 
meningioma was completely removed. This operation 
was followed by a remarkably rapid improvement and 
within a week the Parkinsonism had almost disappeared. 

Case 2.—A 68-year-old woman had been suffering 
from dementia for a number of years. Finally admission 
to hospital became necessary and investigations, including 
angiography, demonstrated a large sub-temporal tumour. 
Very marked features of Parkinsonism were present on 
the right side only as well as right-sided pyramidal signs. 
The tumour was completely removed with rapid im- 
provement in the Parkinsonism; there was only slight 
improvement in the dementia. Death occurred two and 
a half years later as a result of carbon monoxide poison- 
ing. At necropsy there was no evidence of tumour 
recurrence. 

Case 3.—A 60-year-old woman had suffered from head- 
aches of a year’s duration and had left her post as a 
secretary six months previously because of this pain. For 
eight months a tremor of the left hand and foot had been 
noticed and during this period a typical Parkinson 
syndrome developed. She had had a number of “ giddy 
turns’, in one of which consciousness had been lost. 
She had also complained of frequency of micturition and 
occasional nocturnal incontinence. No abnormal physical 
signs were found other than those of Parkinsonism. In- 
vestigation by ventriculography and angiography revealed 





72 54th MEETING OF SOCIETY OF BRITISH NEUROLOGICAL SURGEONS 


a large sphenoidal wing meningioma which was com- 
pletely removed. The Parkinsonian features disappeared 
quickly after operation. 


Primary Tumours of the Thalamus 

K. W. E. Paine (London) reported the findings in a 
series of 24 cases of primary tumour of the thalamus. 
Gliomata of the thalamus were found to account for 
1% of all intracranial tumours and to occur in young 
adults of either sex. 

Early obstruction of the third ventricle by the tumour 
resulted in the early onset of signs and symptoms of raised 
intracranial pressure and these were present in almost all 
of the patients by the time they sought treatment. In- 
volvement of the internal capsule and optic radiation 
might result in hemiparesis, sensory loss, or hemianopia, 
and it was not unusual to encounter various forms of 
tremor in the involved limbs. This tremor might be a 
combination of weakness, sensory impairment, extra- 
pyramidal dysfunction, or cerebellar incoordination. A 
group of symptoms which occurred commonly in patients 
with thalamic tumours was inequality of the pupils, poor 
pupillary reactions, and impairment of ocular move- 
ments, especially conjugate deviation. These signs 
were probably due to the spread of the tumour along the 
periaqueductal subependymal tissues of the brain-stem. 

Mental changes were usually the result of increased 
intracranial pressure and hydrocephalus of the lateral 
ventricles and not of any specific effect of the tumour on 
the thalamus. 

The ventriculographic appearances were described and 
these were quite characteristic. The pathology was not 
known in all cases but in view of the long survival of 
many patients the tumours were probably benign types 
of glioma. 

The rational treatment in most instances seemed to be 
the relief of the third ventricle obstruction by means of a 
ventriculocisternostomy (Torkildsen’s operation). Eleven 
of 24 patients were so treated with satisfactory results. 


Stereotaxic Recordings from the Frontal and Temporal 
Lobes of Psychotics with and without Paroxysmal Episodes 
S. L. SHERWoop (London) reported on electro- 
encephalographic recordings taken with the aid of a 
light weight stereotaxic instrument at 25 operations on 
23 patients with behaviour disorders. Thirteen of these 
concerned the temporal lobes and 12 the frontal lobes. 
In each case records were taken throughout the lobe 
concerned through an array of nichrome-needle elec- 
trodes. Results were grouped in the following manner: 

(1) Those with fits only and loss of consciousness in 
the fits; these patients showed paroxysmal activity or 
hyper-excitability of the brain tissue mainly in the cortex 
of the temporal lobe in question and some diffuse hyper- 
excitability throughout the lobe. 

(2) Those with fits and affective disturbances with 
diminished insight; these showed similar phenomena but 
mainly confined to the inferior temporal cortex and the 
so-called rhinencephalic parts of the temporal lobe. 

(3) Those with affective disorder and episodic dis- 
turbances of insight and consciousness; patients of this 
group showed hyper-excitability or paroxysmal activity in 
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Sensory Neurone Selection in Relief of Pain run or 

R. M. MAHER (Rochdale) reported a simple and useful @ staffs 
injection method for relief of pain in cancer. With the 9} 40% « 
patient in the usual lateral position a spinal puncture was |) mosth 
made above the pain-affected segments and phenol or |) staff o 
silver nitrate in heavy conveying agents (“ myodil” or |) and re 


glycerin) was injected. By a slight downward tilt of the Vis 


patient the injection material was allowed to gravitate to | instit 
lower segments. » of ne 

At lumbar level 1 ml. of phenol 1 in 20 was used for [| Mosc 
injection. In resistant cases below mid-dorsal level F (150! 
1/100 grains (0-65 mg.) silver nitrate per ml. was added F) In 
to the injection. For upper dorsal and cervical sites J) of wi 
3-5 ml. phenol | in 20 was used. Radiographs foliowing FF five 
cervical injection showed a double line of “ myodil”  injur 
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pain with only minimal cutaneous analgesia and no side- pos 
effects. ing 

Results were reported in 97 cases. Insevencases phenol fF 
injections in both dilutions gave no relief. Necropsy [| wo 
showed in four cases that the spinal canal and meninges | __ the 
were heavily involved in growth. : oo 

In 51 cases immediate relief of pain was followed by [gra 
relapse within five days. At necropsy in some of these |} 26 
cases the spine was invaded by growth and carcinoma U. 
cells demonstrated within the ganglia. Vi 

In 39 cases immediate and permanent effect was mi 
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invasion of ganglia by growth and results in these groups 
were poor. It was also considered that long duration of 
nerve involvement predisposed to sheltering of ganglion 
cells and results were worst in patients with long histories 
of neural involvement. 


Return to Russia 

Sir GEOFFREY JEFFERSON (Manchester) gave an account 
of a visit to Russia as leader of a group of seven, selected 
by the British Medical Association and invited by the 
Academy of Medical Sciences and the Ministry of Health 
of the U.S.S.R. 

It was reported that medical education had been 
separated from the universities for some 25 or more years 
and was conducted in special institutes. Since these were 
run on the same lines as universities with full professorial 
staffs the loss from separation was a small one. Some 
40°%% of Russian surgeons were women and this held true 
mostly for neurosurgery, except at Kiev where out of a 
staff of 56 only two were women. Money for development 
and research seemed to be plentiful. 

Visits were paid to the three principal neurosurgical 
institutes which were alone responsible for the training 
of neurosurgeons. They were the Institute Burdenko in 
Moscow (340 beds), Leningrad (200 beds), and Kiev 


(150 beds). 


In Moscow the turnover of cases was some 3,000 a year, 


> of which 800 were verified tumours. There were four or 
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five main divisions, each with its own chief—tumours, 
injuries, infections, peripheral nerves, sympathetic sur- 
gery, and paediatric neurosurgery. Sub-division in this 
way was the general plan in all institutes. The Director, 
Professor Egarov, had two deputies, Professors Koreysha 
and Konyonski, and a staff of 60, some 38 of whom would 
be allowed to operate independently. 

In Leningrad (Director, Professor Lieut.-Gen. Shamov) 
there was a staff of 54 with Professor T. S. Vaskin in 
charge of tumour surgery and Dr. E. G. Loubenski of 
trauma. Dr. A. G. Zemckaya, one of the women sur- 
geons, of whom there were 30, pointed out an interesting 
genetic peculiarity of Russia in that anterior basal 
meningo-encephalocele was greatly more common than 
posterior. She had perfected a method of repair by clos- 
ing the skull defect with plexiglass. 

Professor Shamov, though Director, did little operative 
work at the Leningrad Institute, being chiefly engaged at 
the famous Military Academy. 

In addition to the main institutes, in which all the post- 
graduate training was carried out, there were upwards of 
26 other neurosurgical establishments spread over the 
U.S.S.R. as parts of general hospitals as far east as 
Vladivostock. These might have 10 to 60 beds and dealt 
mainly with urgent problems of injury and infection. 
They were established to deal with battle casualties and 
had been continued after the war in affiliation with the 
Leningrad Institute. For the more difficult cases a team 
would be dispatched from Leningrad or the case flown in. 

The Kiev Institute was headed by an engaging and 
energetic young neurosurgeon, Professor A. I. Arutunov. 
He was interested in biochemical changes in lesions of the 
nervous system and had active laboratories working on 
these subjects. 


In diagnosis reliance was placed on air pictures above 
everything and the small number of angiograms made 
were done by the neurosurgeons themselves. Aneurysms 
were seldom operated on, the cases remaining in the 
hands of physicians. Nor was much surgery carried out 
for epilepsy. The real concentration of effort was on 
brain tumours and trauma, though even in the tumour 
field intracapsular operations for acoustic neurinomas 
were the rule. Isotopes were being well used by Dr. 
Badmaev at the Leningrad Institute using I’*! and a 
scintillator scanner. 

Everywhere research was very much tied to Pavlovian 
ideas which were used to explain clinical behaviour when- 
ever possible. The most interesting physiological work 
was seen in Professor Sarkisov’s Brain Institute in Mos- 
cow, a purely research unit with no patients. There they 
had inserted indwelling micro-electrodes into four or 
five cortical layers and correlated the animal’s behaviour 
under conditioning or inhibition with the respective 
E.E.G. patterns. Professor Sarkisov had also just pub- 
lished a new and beautiful histological atlas of the brain. 

They were everywhere received with great cordiality 
and no restrictions at all were placed on enquiries or 
visits. The Russian neurosurgeons claimed to be well 
acquainted with the western literature; journals and books 
were lavishly purchased and a good translation service 
was said to exist. 


On the Advantages of Opening Certain Intracranial 
Aneurysms 

J. R. Grisss (London) reported two cases of middle 
cerebral aneurysm and one of non-fistulous carotid 
aneurysm in the cavernous sinus as examples of the indi- 
cations for opening aneurysms deliberately. 

In middle cerebral aneurysms, the indications were 
(1) a large, dangerously thin sac, (2) a wide neck, and 
(3) an anatomical arrangement such as to endanger the 
patency of the parent vessel while the neck was being 
clipped or ligated. After temporarily occluding the 
middle cerebral artery, the aneurysm was opened, the 
collapsed sac held up by forceps and a clip or ligature 
placed accurately at the neck. 

A guarding clamp was described for temporary proxi- 
mal occlusion and it was recommended that such a clamp 
should be applied in all cases of middle cerebral aneurysm, 
whether opening was intended or not, before the dan- 
gerous dissection of the neck was attempted. 

In the case of carotid aneurysm in the cavernous sinus, 
exposure and evacuation of the aneurysm with clipping 
of the internal carotid above it resulted in relief of severe 
facial pain after successive common and internal carotid 
ligations had proved unavailing. 


The Manipulative and Operative Treatment of 
Backache and Sciatica 

I. N. MActver (Newcastle) presented a review of 
3,000 cases of backache and sciatica. These had been 
treated during the past 15 years in Newcastle and com- 
prised 708 cases treated conservatively, 1,538 cases treated 
by manipulation, and 1,056 cases treated by operation. 

A review had been made in 1950 and disclosed that, 
although 74% returned to their original employment, 
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17% of these relapsed later, 20% returned to light work 
only, and 4% did not return to work at all. Overall 
56% were considered satisfactory. Out of these 14% had 
backache, 23% backache and sciatica, and 7% leg pain 
only. 

Survey in the unsatisfactory cases showed that they 
fell into the following groups. 


(1) Those who had had no neurological signs or only 
minimal signs; in many of these no real lesion had been 
found at operation. A few had adherent roots, swollen 
red roots, enlargement of the root ganglion, or simple 
bony ridges. 


(2) Those cases in which there was adhesion between 
a root and the disc. This usually occurred in cases with 
a long history and small fibrotic nodules in the annulus. 


(3) Those cases which had ganglionitis or thickened 
adherent extradural tissues. 


(4) Cases where permanent damage had occurred to 
roots or cord. 


(5) Cases where a disc at a different level had been 
missed at operation. 


Following this review policy with regard to treatment 
was changed. It was decided that only cases with gross 
neurological signs should be operated on. Early opera- 
tion was considered essential and several spaces were 
explored if the exploration at the expected level was 
negative. Adherent roots were freed and “ gelfoam ”’ 
placed between the root and disc and those with ganglion- 
itis or thickened extradural tissues had the posterior root 
divided. 

From 1944 onwards all other cases were manipulated 
first. This was carried out under “ pentothal’’ and 
“ flaxidil”’. With the patient lying face downwards the 
spine was hyperextended. Thereafter they were en- 
couraged to get about and active rehabilitation given. 
The object of this manoeuvre was to allow a nerve root, 
impacted on the summit of a disc prolapse, to slip to one 
or other side. In this group 90% were able to return to 
work. Of the remainder the majority were found to be 
elderly patients with mental depression. At the present 
time laminectomy was only carried out when manipula- 
tion had failed or the criteria mentioned before were 
present. 

Since this régime had been adopted 70% of patients 
had returned to work and were considered satisfactory. 
The number of these complaining of leg pain had been 
considerably reduced to 6% but the number complaining 
of backache had remained the same. The problem of this 
residual backache was being investigated. 

It was noted that disc lesions might follow normal 
stresses and strains if there was a congenital weakness or 
deficiency of the nutritive protein exudate. Four types 
of lesion were described. In the first practically the whole 
annulus was torn and the nucleus prolapsed into the rent. 
In the second the inner annulus fibres were partially torn 
with nucleus prolapse resulting in a much firmer swelling. 
In the third partial tearing of the outer fibres resulted in 
a firm greyish nodule to which the nerve root might 
become adherent; this type seemed to be particularly 
common in miners. In the fourth type the annulus 
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became detached from its attachments to the vertebr,) 
bodies and displaced backwards. 


Denervation of Carotid Sinus in Carotid Sinus Epilepsy: 


S. BEHRMAN and G. C. KNIGHT (London) said that jp 
a proportion of cases loss of consciousness accompanying 
stimulation of the carotid sinus might be produced by, 
neural mechanism independent of any alteration in th 
cerebral blood flow, pulse rate, or blood pressure. 


Two patients affected by this condition were described F 


in whom loss of consciousness would occur suddenly 


without warning, often on change of posture, such a : 
rotation of the chin or assumption of an upright position, 7 
In both cases attacks could be provoked by compression # 


of the carotid bifurcation on one side and both wer 
completely relieved by excision of the tunica adventitia 
from the region of the affected carotid sinus. 

Evidence was advanced to indicate that certain cases 
of Stokes Adams syndrome induced by carotid sinus 
stimulation embody a similar mechanism since loss of 
consciousness still occurred after atropinization and that 
either epilepsy or Stokes Adams seizures could be pro- 
duced by stimulation applied elsewhere in the territory 
supplied by the glossopharangeal nerve. It would appear 
that the stimulation of certain receptors, which ordinarily 
give rise to cardio-inhibitory reaction, might instead 
engender epileptic activity. 


Carotid sinus epilepsy would therefore appear to be one 


form of sensory precipitated epilepsy. Focal seizures 


might occur in certain cases. 


Neurofibromas of the Sacral Canal 
STEVENS DIMANT (Manchester) said that solitary neuro- 
fibromas of the sacral canal were rare. Three cases in 
the Manchester series of 92 spinal neurofibromas were 


reported. Analysis of other series showed an even smaller 


proportion of sacral neurofibromata. There is little 
reference in the literature to the characteristics of these 
tumours. 


Case 1.—Mrs. L. B., aged 39, had for three years right- 
sided sciatica with recent spread of pain to the perineum 
and to the inside of the left thigh. On examination brown 
marks were present on the lower extremities. There was 
gluteal weakness with both lumbosacral sensory loss and 
an absent ankle jerk on the right side. The sacrum was 
tender and straight-leg raising limited. The cerebro- 
spinal fluid contained 140mg. % of protein. Radio- 
graphs demonstrated sacral erosion and a myelographic 
block at L.5/S.1. At operation an intra- and extradural 
dumb-bell neurofibroma was found to have grossly ex- 
panded the sacral canal. Complete removal was possible. 


Case 2.—Mrs. E. J., aged 60, had suffered from pain 
between the buttocks and sciatica on the left side for 
five and a half years. Examination revealed hypoalgesia 
on the left buttock with absent ankle jerks. There was 
also sacral tenderness and limitation of straight-leg rais- 
ing. In the cerebrospinal fluid 70 mg. % of protein was 
found. Radiography showed destructive changes within 
the sacrum with foraminal widening and an arrest of 
“ lipiodol ” at L.5/S.1. At operation a large extradural 





* Read at the Neurological Section, B.M.A. Annual Meeting, 
Brighton, 1956. Brit. med. J., 1956, 2, 1522. 
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neurofibroma that had replaced much of the sacrum was 


Case 3.—Mr. W. J., aged 43, complained of lumbo- 
sacral backache nine years previously and sciatic pain on 
the left for the past two and a half years. An epidural 
injection of saline accentuated the pain and paralysed 
the left leg and sphincters. On examination, neurological 
signs implicated all the left sacral roots. The cerebro- 


} spinal fluid protein was normal. There was a myelo- 


graphic block at L.5 and considerable erosion around the 
sacral canal. Anextradural multicystic neurofibroma that 


+ had reduced the sacral walls to a shell was removed at 


operation. 

The Manchester spinal neurofibromas showed an 
average duration of symptoms before operation of two 
years; the corresponding figure for sacral neurofibromas 
was six years. The large size of the sacral tumours also 
signified late diagnosis. Sciatic pain with signs of sacral 
root disease and local tenderness suggested an intrasacral 
tumour. The radiographic appearances of a lobulated 
expansion of the sacral canal with smooth, sclerosed 
walls and a lumbosacral myelographic block were dis- 
tinctive of a neurofibroma of the sacrai canal. 


The Effects of Section of the Pituitary Stalk in Malignant 
Disease 

CAMPBELL CONNOLLY (Birmingham) said that it had 
been shown by Russell (1956)! that division of the pituitary 
stalk in man produced necrosis of the anterior lobe of the 
gland. Upon this finding in post-mortem cases and with a 
knowledge of the anatomy of the blood supply of the 
gland, she has advanced a theory that in the treatment of 
carcinoma of the breast section of the pituitary stalk at 
its junction with the gland and coagulation of its distal 
end might be as effective as total hypophysectomy. 

Such a procedure would deprive the anterior lobe of its 
blood supply from the superior hypophysial arteries. 
But it was considered possible, provided that the post- 
operative condition remained satisfactory, that viability 
of a large part of the anterior lobe would be maintained 
by means of the inferior hypophysial arteries, as these 
vessels drained into the portal vessels within the substance 
of the gland. 

In support of this view, two cases were described in 
which the stalk was divided and the gland removed 
18 days and 10 days later. In one of these there was little 
necrosis of the anterior lobe and in the other approxi- 
mately one quarter of the lobe remained viable. A third 
case was reported in which the stalk was divided and 


_ part of the gland was removed. At post-mortem examina- 


tion, five and a half months later, complete regeneration 
of the anterior lobe was found. 

It was concluded that, although division of the stalk 
might produce improvement in patients with hormone- 
dependent carcinoma, such improvement was likely to 
be transient only as revascularization and regeneration of 
the anterior pituitary would take place. Hypophysectomy 
must therefore remain the operation of election. 
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Pituitary Destruction by Injection of Radioactive 
Substances and Section of the Pituitary Stalk 
for Secondary Carcinoma 


F. L. Davies (London) reported an investigation into 
the value of colloidal radioactive chromic phosphate 
(P*?) for destroying the pituitary gland by local injection. 
The method had been used in animals (dogs and rats) and 
in patients suffering from secondary carcinoma. 

As the results obtained by this method alone (five cases) 
were unsatisfactory, subsequent patients were treated by 
combined injection and stalk section (three cases) and 
with stalk sections alone (four cases). Two cases were 
excluded as they had only recently been operated upon. 
The operative technique had been described elsewhere. 
There had been no operative deaths. 

The animal experiments confirmed the claims made by 
Rothenberg, Jaffe, Putnam, and Simkin (1955)? for 
radioactive chromic phosphate as a suitable substance 
for pituitary injection. It was found to be rapidly pre- 
cipitated in its colloidal form on injection, and to have 
an intensely local destructive action while its dissemina- 
tion in the body was negligible. It emitted 8 rays only 
and had a convenient half-life of 14 days. 

In the concentration used in the present series (3-8 mc. 
in 0-2 to 0-4 ml.) it had not been possible to destroy the 
pituitary gland completely by injection alone. None of 
the patients showed clinical improvement. In one patient, 
however, “ adrenal 17 OH ”’ excretion and thyroid func- 
tion fell to a very low level in one month. 

Injection of P*? plus stalk section and stalk section 
alone had produced marked and early depression of 
pituitary function. Four cases showed early subjective 
improvement. 

Post-mortem examination of the pituitary region in 
three cases revealed maximum radioactivity in the 
pituitary fossa, there being a slight “* scatter ’’ superiorly 
and inferiorly. A very small amount was found in the 
liver, spleen, kidney, and thyroid gland. 

Histologically, a variable amount of viable glandular 
tissue was present in the anterior part of the gland, 
destruction being greatest in one case of injection plus 
stalk section. A varying degree of damage to the hypo- 
thalamic region was noted in all three cases. 

This work was continuing and it was hoped to over- 
come the present difficulty in detecting those cancers 
which were truly hormone dependent. Two tests were 
being assessed, the oestrogen test (Pearson) and the 
estimation of urinary mammotrophins. When selection 
was more certain it was hoped that the relatively simple 
procedure of stalk section with or without injection of 
radioactive substances would prove a satisfactory alterna- 
tive to hypophysectomy. 
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Bases Physiologiques de la Chirurgie Neuro-vasculaire. 
By Charles Mentha. (Pp. 150; 32 figs. Fr. frs. 1,000.-.) 
Paris: Massonet Cie. 1956. 


This is a short monograph on a subject that the author 
worked on in Leriche’s clinic and later at Geneva. He 
surveys the anatomy of the autonomic nervous system 
and gives the evidence for its representation in cortex, 
hypothalamus, pons, and medulla. He then discusses the 
peripheral autonomic innervation and puts forward his 
own theory that there is a “ mutual assistance ” between 
various territories of vascular supply by which compen- 
satory changes occur in any part deprived of its normal 
autonomic control. He finds in this a better explanation 
for the inconsistencies of vascular change following 
sympathetic surgery than the usual theories provide. 

The book is well supplied with references. 


L’Hémorragie Cérébrale vue par le Neuro-chirurgien. 
By Guy Lazorthes. (Pp. 122; 26 figures. Fr. frs. 1,000.-.) 
Paris: Masson et Cie. 1956. 


This small book discusses the treatment of intracerebral 
haemorrhage with special reference to the part played by 
surgery in these cases. Most surgeons prefer not to 
operate until the second week of the illness, and the 
author advises intervention preceded by arteriography 
towards the end of the first week after the haemorrhage. 
It may, however, be pointed out that patients who survive 
for a week usually make a good recovery without opera- 
tion so that the value of evacuating the blood clot at this 
stage is difficult to assess. 


Mental Disorders in Later Life, 2nd ed. Edited by 
Oscar J. Kaplan. (Pp. ix + 508; 23 figures, 31 tables. 
50s.) Stanford University Press (London: Cumberlege). 
1956. 


Besides some (rather patchy) revision of the material 
in the first edition, useful new chapters have been added 
to this handbook. Professor Kallmann presents the out- 
come of his well-known twin studies on senescence, 
Professor McCay writes an authoritative, simple chapter 
on diet, Dr. Malzberg provides a statistical review of the 
situation in New York State, and three psychiatrists of 
the New York Hospital review electric shock treatment 
of the elderly. The two most informative and detailed 
chapters in the book are Nathan Shock’s on physiological 
aspects and H. E. Jones and Kaplan’s on psychological 
aspects, which have both been brought up to date: the 
latter, however, suffers by comparison with the admirable 
parallel survey contributed by Lorge to the Annual Review 
of Psychology for 1956. 


Status Dysrhaphicus. By Laurens Bijl. (Pp. 283; 
26 figures, 24 tables.) Baarn, Holland: Uitgeverij & 
Drukkerij Hollandia N.V. 
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Bremer when delineating his conception of “* constity. F will be 
tional anomaly”’, status dysrhaphicus, based his work on § 
ideas which concerned the importance of stigmaty ae 
degenerationis in heredopathies of the central nervoy (Pp. 
system. Anomalies which he regarded as part of th f Stuttg 
constitutional type he was describing include among Thi 
others funnel-chest, kyphoscoliosis, and myelodysplasig [ in Zu 
with spina bifida. It is from the last characteristic tha fj) estab! 
the name status dysrhaphicus has been derived. The |) To th 
author describes an investigation of 6,368 male recruits)» are 0 
to determine the incidence of status dysrhaphicus and) its int 
the frequency of each of the polymorphic symptoms, } ways 
Investigations of this type are full of difficulties and some |) of the 
readers may still be left in doubt whether status dysrha- )) is ina 
phicus is established as an entity. iH Sj 
4 ir 
Systématique et Electroencéphalographie des Encé- F neurc 
phalites et Encéphalopathies. By J. Radermecker. (Pp. | M. / 
256; 78 figures.) Paris: Masson et Cie. 1956. Electro) Vazc 
enceph. clin. Neurophysiol., Suppl. No. 5. (In French.) [) Mon 
This monograph, as Fishgold and Gastaut indicate in } TI 
their initiating remarks, is the first of a series dealing with that 
the clinical aspects of electroencephalography which will and 
appear under the aegis of the Journal of Electroencephalo- dege 
graphy and Clinical Neurophysiology. Its author is of t 
neurologist and electroencephalographer at the Institut cran 
Bunge: the inspiration of Dr. Ludo van Bogaert, who base 
has written a short but masterly preface to the book, is dege 
clearly recognizable, particularly in the parts dealing with [7 peri 
neuropathology. = to. 
The chief aim of the book is to present electro- D refe 
encephalographic findings in close correlation with 
neurological and neuropathological data. This “ syn- I 
thetic ’” procedure is maintained in the various subgroups [)_ pile 
of inflammatory disease: the acute, subacute, and chronic and 
forms of meningitis and meningo-encephalitis, “ primi- Spr 
tive’ encephalitis, and post-infectious encephalitis and Bla 
encephalopathy. Although the discussion of theoretical 7 
aspects is not evaded, emphasis is always on the presen- } Ne 
tation of facts which are illustrated by instructive electro- [) dis, 
encephalographic records and excellent photomicro- in 
graphs and diagrams. Among the many examples of Ho 
infectious or post-infectious disease are interesting recent ah 
observations, some of which are published for the first jec 
time: encephalitis following infective mononucleosis; las 
necrotizing herpetic encephalitis affecting predominantly the 
basal parts of the brain, including the medial centres of of 
the temporal lobe, subacute leucoencephalitis due to rel 


trypanosoma; the lesions in the brain of the newborn 
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Neurology of the Ocular Muscles. By David G. Cogan. 


| (Pp. xviii + 296; 86 figures. 63s.) Oxford: Blackwell 
Scientific Publications. 


1956. 
This is an excellent work which will appeal to the 


neurologist for its remarkable clarity of presentation, 
’ and for its surprising completeness and up-to-date account 
of present-day knowledge. A list of over 1,100 references 


will be of great value to research workers. 


Augensymptome bei Hirntumoren. By Alfred Huber. 


) (Pp. 404; 192 illustrations. Sw. frs. 56.-.) Berne and 


Stuttgart: Medizinischer Verlag Hans Huber. 1956. 


This book comes from the Neurosurgical Department 
in Zurich, and gives a competent account of the well- 
established changes observed in cases of brain tumour. 
To the neurologist the exclusion of allied disorders which 
are not tumours, makes this work somewhat limited in 
its interest. Even the traumatic lesions of the visual path- 
ways are excluded from consideration. The consideration 
of the higher visual disorders in parieto-occipital lesions 
is inadequate and disappointing. 


Sindromes neurologicos en las malformaciones y lesiones 


; degenerativas del estuche craneo-vertebral y su tratamiento 





neuroquirurgico. By S. Obrador, P. Albert, J. V. Anastasio, 
M. Arrazola, J. R. Boixados, J. Sanchez Juan, and J. J. 
Vazquez Anon. (Pp. 341.) Madrid: Editorial Paz 
Montalvo. 


This book brings together the considerable information 
that has been gained in the past few years on the diagnosis 
and treatment of lesions caused by malformations or 
degenerative changes in the cranio-vertebral containment 
of the nervous system. The varieties of meningocele, 
craniostenosis, and congenital malformations of the skull 
base and spine are all considered. In the section on disc 
degenerations there is a useful correlation between 
peripheral symptoms and the root found at operation 
to be maximally affected. The book has very full 
references and some good illustrations. 


Hypothalamic-Hypophysial Interrelationships. _Com- 
piled and edited by William S. Fields, Roger Guillemin, 
and Charles A. Carton. (Pp. ix + 156; illustrated. 36s.) 
Springfield, Illinois: Charles C. Thomas; Oxford: 
Blackwell Scientific Publications. 1956. 


This book is the report of a symposium of the Houston 
Neurological Society of Texas. Papers read and their 
discussion are reported verbatim. This is a current fashion 
in America and involves much unnecessary verbiage. 
However, the contents of this volume are generally of 
a high standard, and constitute a useful review of a sub- 
ject in which advances have been considerable in the 
last decade. The neural connexions of the hypophysis, 
the problem of neurosecretion, the function and structure 
of the elaborate hypophysial portal system, and the inter- 
relation of hypothalamus and hypophysis in the active 
production of pituitary hormones are all discussed. The 
anatomical connexions between the higher cerebral cortex 
and the hypothalamus are also reviewed in detail; and 
as a corollary to this, a brief report is given of the effect 
in man of stimulation by implanted electrodes of an area 
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in the region of the anterior hypothalamus. Results 
suggested that changes in urinary and blood steroids 
were produced, thus indicating possible pathways by 
which cortical events, particularly in the medial frontal 
regions, could directly affect the hypophysis and the 
other members of the endocrine orchestra. 


Non-verbal Communication. Notes on the Visual 
Perception of Human Relations. By Jurgen Ruesch and 
Weldon Kees. (Pp. 205; 78 figures. 56s. 6d.) London: 
Cambridge University Press. 1956. 


This book deals with social communication by means 
of gesture, action, and pictorial representation. It is 
lavishly illustrated in the current American style—indeed, 
the presentation verges at times on the tabloid. There is 
a short, if not very well-informed, section on neurological 
disorder in relation to expressive movement and some 
discussion of art, communication, and mental illness. 
Although nothing particularly original emerges from this 
study, it has value in directing attention to an unduly 
neglected aspect of human social communication. As 
such, it may prove of some use to neurologists and others 
interested in the borderlands of agnosia and aphasia. 


Emotional Hazards in Animals and Man. By Howard 
S. Liddell. American Lecture Series. (Pp. xi + 97. 
20s.) Springfield: Charles C. Thomas; Oxford: Blackwell 
Scientific Publications. 1956. 


These pleasant talks, originally delivered to psychiatric 
residents, give a leisurely, persuasive account of how 
Pavlov’s conditioning method of studying animal be- 
haviour “ can disclose the biological basis of many funda- 
mental problems concerning mental health and disease’’. 
The centre of the picture is occupied by a Shropshire ram 
and a goat in which experimental neurosis was produced, 
as well as by other sheep and goats observed by Dr. 
Liddell in his many years of experimentation. The experi- 
ments and the inferences drawn regarding the application 
of findings to human beings are suggestive, but not 
always wholly convincing. For example, the effects of 
separating a male kid from its mother at birth and rearing 
and training it apart, would seem more specific and 
unequivocal if the kid had not been reared in a small 
fenced enclosure where he could not see any other 
animals, whereas the control kids, reared with their 
mother, went out to pasture with the rest of the flock: 
separation from society may here have been a more 
potent influence than separation from mother. As a 
whole, however, the lectures indicate the potential value 
to psychiatry of animal studies such as Dr. Liddell at 
Cornell and Dr. Horsley Gantt at Johns Hopkins have 
been carrying out during the last 30 years. 


Neurology and Psychiatry in Childhood. Proceedings of 
the Association for Research in Nervous and Mental 
Disease, Vol. xxxiv, 3. Edited by Rustin McIntosh and 
Clarence C. Hare. (Pp. xiii + 504; 63 figures, 21 tables. 
88s.) London: Bailli¢re, Tindall & Cox. 1954. 


The programme of the thirty-fourth Annual Meeting 
of tts Association for Research in Nervous and Mental 
Disease, held in December, 1954, was designed to cover 
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“fresh and challenging work” in the neurology and 
psychiatry of childhood. Much of what is here reported 
shows that this purpose was well attained. The papers 
in the neurological section are in four divisions, dealing 
respectively with infections, developmental and trau- 
matic aspects, degenerative disturbances, and radio- 
graphic problems of cranial trauma and changed intra- 
cranial pressure. Among the longer and more detailed 
papers are the description by H. W. Sweet and his col- 
leagues of their use of isotopes for study of the formation, 
flow, and absorption of cerebrospinal fluid; and a com- 
prehensive review, by Wolf and Cowen of Columbia 
University, of the cerebral atrophies and encephalomala- 
cias of childhood. In the psychiatric division there are 
five papers (including an excellent brief account by 
Benjamin Pasamanick of his epidemiological studies of 
behaviour disorder) and a symposium on juvenile 
schizophrenia. The symposiasts inspected, rather than 
illuminated, the problem, which manifestly could do with 
less clinical intuition deployed on it and more exact 
description. 


Les Mécanismes Cérébraux de la Prise de Conscience. 
Neurophysiologie, Psychoanalyse et Psychologie Animale. 
By Paul Chauchard. (Pp. 240. Fr. frs. 1,300.-.) Paris: 
Masson et Cie. 1956. 


This book is dedicated to the memory of the author’s 
teacher, Lapicque, who contributed more, Chauchard 
believes, to our knowledge of the neural basis of con- 
sciousness than Pavlov or Sherrington. To his surprising 
over-valuation of the significance of chronaxie studies, 
Dr. Chauchard adds current data and speculations about 
cerebral activity, cybernetics, comparative psychology, 
and ethology, stress, and communication. In spite of this 
contemporary admixture, the book has a musty flavour 
and summarizes much the same material and ideas as may 
be found in Dr. Chauchard’s numerous previous 
publications. 


Tredgold’s Textbook of Mental Deficiency. First com- 
piled by the late A. F. Tredgold. 9th edition by R. F. 
Tredgold and K. Soddy. (Pp. xvi + 480; 31 plates, 


4 figures, 4 tables. 40s.) London: Bailliére, Tindall & 
Cox. 1956. 


The psychological development of children has been 
a subject of close study for 50 years. It was therefore 
right and desirable that in the latest edition of Tredgold’s 
classic and obsolescent sections on “‘ the normal mental 
structure’ and “the defective mind” should be re- 
written. The new sections, however, are unsatisfactory, 
as they still fail to do justice to modern knowledge: the 
great contribution of Jean Piaget, for example, is passed 
over. Similar defects are discernible in the chapter on 
** Disorders of Relationship Formation”, which de- 
scribes psychotic children. In this field there has been 
much active work in the last few years, but the authors 
expound the subject on the basis of a series of their own 





« 


BOOK REVIEWS 


cases without reference to the literature. Their reason, 
explained in the preface, is that the subject is in such, 
state of rapid evolution that a balanced survey woul 
be more appropriate in a journal: but it might equally 
be argued that a standard textbook is hardly the plac 
for the rather loose hypothesis they put forward regarding 
the condition, or group of conditions, in question. 
The chapters on law and on intelligence testing and 
case-taking have, for good extraneous reasons, been 
almost entirely dropped. The body of the book, however. 
has fortunately been little changed (though many good, 


unobtrusive additions have been made, bearing on recent § 


work). It continues to attest the great experience and 
erudition of A. F. Tredgold. i 


An Introduction to Cybernetics. 
(Pp. ix + 295. 36s.) London: Chapman & Hall. 1956, 


We are all cyberneticians nowadays, and some of uy 
have for some time felt the need for a small basic primer 
of the subject (with exercises) which would enable us to 
place our feet on firm ground while our heads are in the 
air. This Dr. Ashby has nobly attempted to provide, 
and some features of his book correspond with what is 
needed. Thus he takes a fundamental standpoint, really 
avoids any but the simplest mathematics, illustrates his 
points with a wide variety of examples largely drawn 
from general science and biology, and brings the readers 
to within striking distance of some of the notions central 
to cybernetics and information theory. But his ven 
concern to be at once comprehensible and cogent has 
led him into explanations which do not always contribute 
to building a clear progressive group of the main lines 
of the subject and its applications. Proved in some 
directions and expounded in a few, another edition of 
this book could be of considerable practical use to many 
people. 


Subarachnoid Haemorrhage. 
(Pp. xv + 350; 25 figures, 37 tables. 30s.) Edinburgh 
and London: E. & S. Livingstone. 1956. 


This book provides an extensive review of the literature 


on subarachnoid haemorrhage, and reports a series of F 


312 cases treated in 10 years in Newcastle-upon-Tyne. 
Though the author writes from the point of view of the 
physician he does not neglect either the surgical or the 
pathological aspects, and after a detailed discussion of 
each problem he states his own conclusions clearly. In 
particular he shows that death from recurrent haemor- 
rhage is most likely to occur in the second or third week 
from the onset, and argues that unless there are very real 
contraindications, bilateral carotid angiograms should 
be done after one week with a view to surgical interference, 
where possible, within a very few days. On the other 
hand, among patients who have survived six months the 
mortality is, contrary to much previous teaching, rela- 
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THE ENTRY OF RADIOSODIUM AND OF BROMIDE INTO HUMAN 
CEREBROSPINAL FLUID 


BY 
R. B. BOURDILLON, M. FISCHER-WILLIAMS, HONOR V. SMITH, and K. B. TAYLOR 


From the Department of Neurology, Radcliffe Infirmary, Oxford, and the Medical Research Council Unit, 
Stoke Mandeville Hospital, Aylesbury 


The work described in this paper evolved during 
the course of some studies on the pathogenesis of 
disseminated sclerosis. In 1949 one of us (R. B. B.), 
impressed by the possibility that the plaques of 
disseminated sclerosis are the expression of an 
allergic response to substances of high molecular 
weight, advanced the following hypothesis. In most 
of the tissues of the body the lymphatics remove 
from the tissue fluid any large molecules, such as 
proteins and lipoids, that escape from the blood at 
the arterial end of the capillaries and fail to re-enter 
at the venous end. In the central nervous system, 
however, there is no true lymphatic system, and 
the only means of disposing of such molecules 
from the tissue fluid appears to be by way of the 
perineural or perivascular spaces into the main 
subarachnoid pathways, and thence through the 
arachnoid villi into the venous blood. But in order 
that fluid may flow in this direction the pressure in 
the capillaries of the central nervous system must 
exceed that of the cerebrospinal fluid (C.S.F.); 
and if, for any reason, this pressure relationship 
were reversed, then, presumably, the direction of 
flow would also be reversed, and fluid would pass 
from the main subarachnoid pathways back along 
the perivascular spaces towards the venous end of 
the capillaries. Here water and the smaller ions and 
molecules could pass freely back into the venous 
blood. Proteins, lipoids, or other large molecules 
that had been liberated from the neurons would. 
however, be unable to do so and might then accum- 
ulate around ‘the venules in sufficient amounts to 
sensitize the tissues in their vicinity and so cause 
localized allergic reactions. This theory accyrds 
well with the finding that small and early plaques 
of disseminated sclerosis are frequently distributed 
round minute veins (McAlpine, Compston, and 
Lumsden, 1955), and also with the fact that peri- 
vascular demyelination can be produced experi- 
mentally by what is, in all probability, an allergic 
mechanism. 

We have termed this hypothesis “ the reverse 


flow theory’; and it may be said at once that, 
although in the course of our studies we have 
found nothing incompatible with this theory, we 
have not yet been able to establish it as fact. It has, 
however, already shown its value by provoking 
an intensive study into the formation and composi- 
tion of the C.S.F. in different neurological disorders. 


1. The Choroidal Barrier Theory 

With the reverse flow theory we coupled the 
suggestion that the well-known “ bromide barrier ”’, 
which causes the bromide content of human C.S.F. 
to be less than half of that found in the serum, 
exists in the epithelial cells of the choroid plexus 
and does not occur in the meninges. On this view, 
which we refer to as the “ choroidal barrier ”’ 
theory, normal C.S.F. would consist of a relatively 
bromide-free fluid from the choroid plexus mixed 
with bromide-containing fluid from the meninges, 
ependyma, and capillaries of the central nervous 
system. 

It was suggested by Weed (1914) and recently 
confirmed by work with isotopes that the choroid 
plexus is not the only route by which substances 
enter the C.S.F. (Sweet, Selverstone, Soloway, and 
Stetten, 1950; Sweet and Locksley, 1953; Tubiana, 
Benda, and Constans, 1951). 

We think the results shown below give consider- 
able support to the choroidal barrier theory, although 
we have not been able to distinguish with certainty 
between fluid from the choroid plexus and that 
from the ependyma. 

For this study accurate methods of estimating 
bromide in body fluids were essential. Improved 
methods were devised (Huriter, 1952; Hunter and 
Goldspink, 1954), and with them the partition of 
bromide between blood and C.S.F. in tuberculous 
meningitis and allied conditions was studied ex- 
tensively (Hunter, Smith, and Taylor, 1954). It 
was shown that after equilibrium was established 
the lumbar C.S.F. invariably contained more 
bromide than the ventricular, while the bromide 
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content of cisternal fluid was intermediate between 
the two (Smith, Taylor, and Hunter, 1955). This 
finding confirmed those of Masserman (1934) and 
Schonfeld and Leipold (1925) and lent support to 
the hypothesis that the bromide in the C.S.F. came 
from sources other than the choroid plexus. To 
obtain further evidence on this point our later studies 
included the use of Na*4, and estimations of the con- 
centrations of both Na™4 and bromide in the C.S.F. 
at various periods after intravenous injection. This 
paper reports the results of these rate-of-entry 
studies, their bearing on the above theory of C.S.F. 
production, and their modification in certain diseases. 


2. Technique, Material, and Methods 

The clinical material for this study was drawn from 
cases of various neurological disease, both non-inflam- 
matory and inflammatory. The non-inflammatory 
diseases included many cases of disseminated sclerosis 
and Parkinson’s disease, and a few cases of other diseases 
of the basal nuclei and of motor neurone disease. These 
were drawn largely from the neurological wards of 
Stoke Mandeville Hospital, supplemented by certain 
cases from the Neurosurgical Department of the United 
Oxford Hospitals and by a special group of elderly 
patients with mental changes from the Cowley Road 
Hospital, Oxford. Among the inflammatory diseases 
are included a large number of cases of tuberculous and 
other varieties of menigitis which were drawn chiefly 
from the Tuberculous Menigitis Unit of the United 
Oxford Hospitals and from the Military Hospital for 
Head Injuries, Wheatley. 

All these patients required lumbar punctures either 
in diagnosis or treatment. If for these same reasons 
ventricular or cisternal puncture was indicated, we were 
able to take advantage of this as well; such opportunities 
were, however, mainly confined to the inflammatory 
group. 

Most of the lumbar punctures were done with the 
patient in the lateral position, and cisternal punctures 
in the sitting position. During the test the patients’ 
activities were usually unrestricted, and although a few 
patients were ambulant the great majority were in bed. 

At the beginning of the test a small quantity of blood 
was withdrawn from the basilar vein for estimation of 
the bromide already present. This was immediately 
followed by the intravenous injection of about 220 
microcuries of isotonic radio-sodium, chloride (0-5—1 
ml.), together with 2 g.—6 g. non-radioactive sodium 
bromide (8—24 ml. 25% solution) given with the usual 
precautions (Taylor, Smith, and Hunter, 1954). 

Approximately four hours later a few millilitres of 
C.S.F. were withdrawn and analysed for radiosodium, 
for bromide and protein, and occasionally for chloride. 
Two to 5 ml. of venous blood were taken at the same 
time, and the bromide and radiosodium content deter- 
mined. 

The radio counting was done, usually with immersion 
counters and sometimes with end window counters, as 
described elsewhere (Stott and Cullis, in preparation). 
The standard deviation of pairs of estimations, of 


80 R. B. BOURDILLON, M. FISCHER-WILLIAMS, HONOR V. SMITH, and K. B. TAY/.OR 





Na*™ in samples of C.S.F. was 2:°42% (on 57 Pairs), 
This included some tests on very weak samples in which 
only 2,000 to 3,000 impulses were counted, and therefore 
the random error was considerable. A represeniative 
set of tests from which this random error was subtracted 
gave pairs with a standard deviation appreciably |ower 
at 184%. 

The analyses of bromide and other non-radioactive 
substances were made by Dr. G. Hunter and his staff 
as described elsewhere (Hunter, /oc. cit.). 

Except where otherwise stated, all the figures and 
calculations in this paper refer only to lumbar C.S.F. 


Correction for Timing.—For comparison of results 
taken at times fairly close to four hours the observed 
concentrations were adjusted to four-hour values by 
multiplying by 240 and dividing by the actual number 
of minutes between injection and sampling. 

Table I includes five cases in which samples were taken 
at times varying between five hours and five hours 10 
minutes after intravenous injection. As shown in Section 
10 an exponential or simple proportional correction 
would be inaccurate if applied over any large fraction 
of the fifth hour after injection. Since the rate of entry 
during the fifth hour in any patient shows some correla- 
tion with the rate during the previous four hours, the 
data shown in Table II, Group I, were used to calculate 
the regression line of the rate of entry during the period 
four to four and a half hours upon the rate of entry 
during the previous four hours. From this line separate 
correction factors were calculated for each of the five 
cases mentioned above. 


Correction for Bromide Present before a Test.—When 
the bromide content of the initial specimen of serum 
was less than 3—4 mg./100 ml., as was usual, the small 
correction involved could be applied to the observed 
serum concentrations by deducting the initial value from 
the four-hour value. If the initial value for the C.S.F. 
was known it was similarly deducted; if not, the initial 
value for the serum was divided by the bromide riiio 
at equilibrium, and the quotient deducted from the 
four-hour value found for the C.S.F. Most of the tests 
in which the initial serum bromide exceeded 5 mg./100 ml. 
were discarded, since the resulting correction of 2 mg./ 
100 ml. or more amounted to a serious fraction of the 
four hour value and its accuracy was doubtful. 
















































3. Definitions 
To save words we use certain terms with the following 
specialized meanings :— 


The Bromide Ratio.—The bromide ratio, as_ with 
previous workers, means the ratio “‘ serum bromide 
concentration/C.S.F. bromide concentration”, at any 
time long enough after the administration of bromide 
for approximate equilibrium between plasma and C.S.F. 
to have become established. Owing to the slow excretion 
of bromide from the body, tests of this equilibrium 
ratio can be made for several weeks after the last adminis- 
tration of bromide without the need for fresh doses. 
It has been shown (Hunter ef al., 1954) that in the 
concentration used in these tests (less than 60 mg./100 ml. 
plasma an hour after injection) the bromide ratio is 
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independent of the concentration of bromide in the blood. 


The Sodium Ratio.—The sodium ratio is similar, 
meaning the ratio “ serum sodium/C.S.F. sodium” at 
equilibrium. This is approximately 1-0. 


Sodium Entry.—Sodium entry is used for the ratio 


Concentration of radiosodium in C.S.F. x 100 





Simultaneous concentration in plasma 


when measured after periods much shorter than that 
needed for reaching equilibrium between the C.S.F. and 
plasma. For samples taken at any given time and for 
values of 20°% or less, where reverse diffusion has only 
played a minor part, the “sodium entry” forms a 
rough guide to the rate of entry of sodium to the portion 
of the subarachnoid space from which the samples were 
taken. In drawing inferences from these “* rates of entry ”’, 
it must be remembered that while many of the substances 
present may have come from the membranes surrounding 
the site of sampling, a large fraction may also have come 
by admixture of C.S.F. from other parts of the sub- 
arachnoid space. 

In defining the above it is assumed that the con- 
centrations in plasma and C.S.F. were measured at the 
same time (as was usually the case). In comparing ratios 
obtained at different times after the intravenous injection, 
it is important to remember that the apparent rate of 
entry is governed not by the plasma concentration at 
the time of sampling but by the mean concentration 
existing during the period between injection and sampling. 
Where this interval was four hours or more, it is probably 
safe to assume that the changes in serum concentrations 
of sodium and bromide have marched roughly in unison 
(since the bromide space in the body is found to be almost 
identical with the sodium space as soon as 20 minutes 
after intravenous injection, if a correction is made for 
the more rapid entry of bromide into red cells (Berson 


and Yalow, 1955)). But when considering short periods 
of different length, or when testing the accuracy of 
exponential formulae, great caution is needed, owing to 
the rapid changes in plasma concentration in the first 
hours after injection. 


Bromide Entry.—Bromide entry is used similarly to 
“sodium entry ”’, but for bromide instead of sodium. 

The term “ four-hour” refers to samples of C.S.F. 
taken four hours after the intravenous injection of the 
substances concerned. 


4. Factors Influencing Lumbar C.S.F. 

For studies of this kind lumbar C.S.F. has the 
disadvantage of coming from an outlying cul-de-sac 
of the subarachnoid space. Its composition differs 
from that of ventricular fluid. Further, the time 
taken by fluid from the choroid plexus to reach 
the lumbar sac must vary not only with the activity 
of the plexuses but with the vigour and phase 
relationship of the cardiac and respiratory pressure 
waves, and with the size of the ventricles. However, 
the last should not influence the equilibrium con- 
centrations, and, since enough cases were studied 
to give results which appeared highly significant 
when treated statistically, we feel justified in drawing 
certain conclusions. 

We have found appreciable variations in the rate 
of entry of bromide and even larger ones in the entry 
of sodium. While much of this variation is of 
uncertain origin, we have found changes in rate of 
entry correlated with age, with diseases of the basal 
nuclei such as Parkinson’s disease, and with tuber- 
culous meningitis and other inflammatory diseases 
of the central nervous system. 


TABLE I 


LUMBAR C.S.F. CONCENTRATIONS OF RADIOSODIUM AND BROMIDE FOUR HOURS AFTER INTRAVENOUS INJECTION 
IN PATIENTS CONSIDERED NEARLY NORMAL 





Disease 





Na** Br 
C.S.F. x 100 C.S.F. x 100 


Plasma — ~ Plasma 


Protein 


CS.F. 
(mg./100 ml.) 





Epilepsy (mild) 
Syncopal attacks 
Epilepsy (mild) 


Psychoneurosis 

Hysteria 

Anxiety state 

Headache 

Pre-operative (gynaecological) 
Compensation neurosis 
Headache 

Myalgia 

Pre-operative (gynaecological) 
Headache and vomiting 
Migraine 

Ataxia 

Dysphagia 

Post-herpetic neuralgia 


%. Pad ”? . 
Trigeminal neuralgia 
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Mean values in 20 cases 





Standard deviations 





Coefficients of variation 
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Fic. 1.—Percentages of radiosodium in lumbar C.S.F. four hours 


after intravenous injection. Effect of age in patients with ab- 
normal physical signs. The diagonal line provides an estimate 
of the most probable sodium entry for any given age. The cross 
shows the mean value for a group of 16 elderly patients with 
some mental deterioration but lumbar C.S.F. protein level below 
61 mg./100 ml. 


5. Findings in Patients without Progressive Disease 
of the Nervous System (‘‘ Normals ”’) 

For obvious reasons it has been difficult to 
establish figures for normal human subjects. We 
have, however, managed to collect a limited number 
of cases in which the tests were made in the course 
of investigations that failed to show any sign of 
progressive disease of the nervous system. The 
clinical diagnoses in these cases included various 
psychopathic conditions such as compensation 
neurosis and anxiety state, mild idiopathic epilepsy, 
neuralgia, and myalgia. In addition, tests were 
made on two patients who were given a spinal 
anaesthetic before gynaecological operations. For 
convenience, these patients will be referred to as 
“* normals ”’. 

The four-hour entry of both bromide and sodium, 
together with the clinical diagnosis and the protein 
content of the C.S.F., are shown in Table I. 

It is noticeable that there is a larger scatter of the 
sodium values than of the bromide, the coefficient 
of variation for sodium being more than twice as 
great as that for bromide. One reason for this is 
that the sodium entry is to some extent influenced 
by the age of the patient. 


6. Correlation between Sodium Entry and Age 

The black circles in Fig. 1 show the Na” con- 
centrations given in Table 1 for 20 normal patients, 
plotted against age. It is evident that, while at any 
given age there is a variation of about 2 to 1 in Na™ 
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entry, there is a general tendency for the Na 
concentration at four hours to fall with increase jp 
age. The correlation coefficient between age and 
sodium entry for this group of patients is 0-570. The 
probability (P) that this is not due to random 
deviations is a little less than 0-01. The cross ip 
Fig. 1 shows the mean values of age and sodium 
entry for a group of 16 elderly patients who, though 
not acutely ill, showed some degree of mental con. 
fusion. It comes close to the regression line for the 
normals. 

On the (unproven) assumption that the relation 
between age and sodium entry is linear, the regres. 
sion line of lumbar sodium upon age has been 
calculated, giving the equation: 


Lumbar sodium x 100 

































































= 40-81 — (0-2821 x age in years) 














Plasma sodium 


This gives at birth (age 0) sodium 40-81, at age 50 
sodium 26°70, and at age 90 sodium 15-42. 


Correlation between Age and Bromide Entry.— 
Age has little, if any, effect on the bromide entry. 
For the 15 cases. in Table 1 for which data are 
available, the correlation coefficient is only 0-105 
and is not statistically significant. In the total of 
105 patients for which we have these data the 
correlation is also negligible. 


























7. Correlation between Age and Bromide Ratio at 
Equilibrium 

In 153 cases of non-inflammatory nervous diseases 
the bromide ratio was found to decrease slowly 
with age, showing a correlation coefficient of 0-514. 
This is 6-3 times the standard error for 153 cases 
and is therefore highly significant. On the assump- 
tion that the relationship is linear (as is suggested by 
the detailed figures), the regression line of bromide 
ratio on age was calculated as: 

3-005 — (0-01025 x age in years) 
This gives an average equilibrium bromide ratio 
of 2°80 at age 20, 2:49 at age 50, and 2°18 at age 80 
for the patients concerned. 

Since none of our patients was entirely healthy, 
these figures must only be taken as a rough guide. 
Their extension to ages below 15 or above 90 would 
be purely speculative, since we have too few data 
to show whether the relationship is even roughly 
linear in childhood or after 85. 


Correlation between Bromide Entry and Bromide 
Ratio at Equilibrium.—It was unfortunately seldom 
possible to establish the equilibrium bromide ratio 
in the cases listed in Table 1. However, for those 
cases of non-inflammatory disease for which data 
are available—and these include 26 cases from 
among the special group of elderly patients—the 
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correlation between the bromide entry and bromide 
ratio at equilibrium was negligible. This lack of 
correlation contrasts strongly with the findings in 
the cases of inflammatory disease as described later 
in Section II. 


g. Hypotheses Concerning the Effects of Old Age 
on the C.S.F. 

The disparity between the effect of age on the 
Na“ and on the bromide entry is itself evidence 
' that the mechanisms subserving the passages of 
' sodium and of bromide differ from one another. 
The finding that the equilibrium bromide ratio falls 
as age advances although the bromide entry remains 
unaffected makes it unlikely that the low bromide 
ratio of old age is simply the result of a general 
increase in permeability. A decrease in the forma- 
tion of sodium-rich fluid by the choroid plexus 
would, however, on the choroidal barrier theory, 
} automatically lower the bromide ratio and would be 
consistent with the observed fall in the Na™* entry. 

In later life the brain substance tends to shrink 
and the ventricles to enlarge (BOning, 1924), while 
calcification in the choroidal plexus becomes 
increasingly common as age advances (Dyke, 1930). 
Both enlargement of the ventricles and degeneration 
of the choroidal artery and plexus would be expected 
to cause a decrease in the four-hour lumbar sodium 
entry, although enlargement of the ventricles alone 
could hardly alter the bromide ratio at equilibrium. 
The decrease in this ratio with advancing age is 
therefore best explained on the basis of choroidal 
degeneration, while both choroidal degeneration 
and ventricular enlargement may well play a part 
in the decrease of the four-hour lumbar sodium 
entry. The choroidal barrier theory thus offers a 
ready explanation for the observed effects of age 
on the C.S.F. 

The conditions other than advancing age in 
which we have found consistent departures from the 
normal are diseases of the extra-pyramidal system 
and, more especially, inflammatory diseases of the 
nervous system. This second group, indeed, differs 
markedly not only from the normals but also from 
the non-inflammatory cases. But before going on 
to describe our findings in these two groups it is 
convenient to present here further evidence in 
support of the choroidal barrier theory. This 
evidence is derived from a study of the cases as a 
whole, irrespective of clinical diagnosis, except that 
the inflammatory cases are distinguished. 


9. Comparison of Samples Taken at 4 and 44 Hours 

Valuable information as to the modes of entry 
of Na™* and bromide into lumbar C.S.F. can be 
gained by comparing samples of fluid obtained at 


four and at four and a half hours after the intra- 
venous injection. Table II shows the results obtained 
in 29 tests in which a needle was left in the lumbar 
sac for half an hour and a second sample taken 
approximately 30 minutes after the first one. 

Group I shows the findings in non-inflammatory 
cases, in which no major disorder of the C.S.F. 
dynamics would be expected and in which the 
lumbar protein was less than 90 mg./100 ml. 
Group II contains those cases where serious dis- 
turbance of the production of C.S.F. seemed likely. 
All but one of this group were inflammatory cases, 
and in all but two the protein level was greatly 
raised. In each group the cases are arranged in 
order of decreasing rate of entry of Na™* during the 
first four hours of the test. 

The most striking feature in Group I is the differ- 
ence between the behaviour of the Na™ and bromide. 
The rate of entry of Na™ during the four to four 
and a half-hour period (t?) is in every case faster 
than the average rate of entry during the preceding 
four hours (t'), (compare columns 6, 7, and 8). 
The average ratio of the two rates is 1-702 (Col. 8). 
On the other hand, in 14 out of 18 observations 
the bromide actually comes in more slowly during 
the second period (t?), and the ratio rate B./rate A. 
averages 0-9 (Col. 13) for the 18 cases. 

This seems clear proof that, in these cases, the 
mode of entry of Na*™ into the C.S.F. differs from 
that of bromide. It lends strong support to the view 
that, between four and four and a half hours after 
intravenous injection, C.S.F. containing a higher 
proportion of Na™ to bromide than that first 
entering the lumbar region is travelling down the 
spinal canal towards the lumbar sac. 

Minor points of interest are: (1) The rates of 
entry of Na™ during the first period (t') show a 
positive correlation with the rates for the second 
period (t?) and a slight negative one with the ratio 
of the two rates. This would be expected if the higher 
rates during the first period are due to the earlier 
arrival of sodium from the ventricles. (2) Rates A. 
and B. for Na™ depart widely from the results 
which would be expected from a uniform process 
of entry controlled by diffusion. 

If the rates of diffusion across the membranes 
were equal in both directions, the process would be 
defined by the equation kt = log (100-C,)-—log 
(100-C,) where t is the time interval between two 
samples giving concentrations C, and C, and k is 
a constant. Taking the mean value for C, (sodium) 
from Group I as 20-8, and calculating k from this, 
the equation gives a calculated value for sodium 
entry C, (calculated)—C, (observed) of 2:20, i.e., 
a little over half of the observed difference of 3-93. 
A similar calculation for bromide gives a value for 








Cy, (calculated)—C, (observed) of 1:78 which differs 
relatively little from the observed value of 1-60. 

In Group II there are several points of interest, 
although since they mostly relate to single cases 
their value is only suggestive. 

The case of convalescent tuberculous meningitis, 
in which ventriculo-cisternostomy had been per- 
formed for a presumed mid-brain tuberculoma, 
shows a high rate of entry of sodium in the first 
period, followed by a rather slow rate in the second 
one. Of the two cases of infective polyneuritis one, 
with a lumbar protein of 375 mg.%, shows a very 
high rate of entry of both Na™ and bromide in the 
first period; the other, with a lumbar protein of 
147 mg.%, shows normal rates of entry for the 
first period. Neither case shows an increase in 
bromide during the second period. 

The case with cerebral vascular lesions and 
arteriosclerosis shows an abnormally slow rate of 
entry of Na™* and bromide in the second period, 
nor was this influenced by the inhalation of CO,. 
This case, and the cases of “* healed * and convales- 
cent meningitis already mentioned, are the only 
ones in which the rate of Na™ entry during the 
second period is slower than that in the first. In 
the whole Table, three tests show a rate of entry 
of bromide greater in the second period than in 
the first in a ratio of over 2 to 1. In each case the 
patient was under the influence of an alleged dilator 
of the cerebral blood vessels, either ‘‘ priscol”’ or 
CO,. Since the highest ratio observed in tests 
without a dilator was 1-63, and all except two of 
these ratios were less than 1-0, this observation is 
interesting. 


10. Ratio of Sodium to Bromide at Different Times 
after Intravenous Injection: Periods from 4 Hours 
Upwards 

During the 24 hours after intravenous injection 
considerable changes occur in the ratio of Na” 
to bromide found in the C.S.F. These are of especial 
interest in throwing light on the source of the fluid. 

It has already been shown that at equilibrium 
the bromide ratio for patients without disease of 
the nervous system is about 2°6 (Taylor et al., 1954); 
that in certain inflammatory conditions, and 
especially in acute tuberculous meningitis, it is 
much lower and may fall below 0-8 (Smith, ef al., 
1955); and that it tends to fall with increasing age 
(v.s., Section 8). Less in known about the equilibrium 
ratio between the concentrations of Na™ in blood 
and C.S.F. Most of our tests showed a Na” ratio 
close to 1-0; but we encountered the difficulty that 
equilibrium was not always established within 24 
hours, while, owing to the rapid decay of Na”, 
samples taken at 48 hours had counts too low for 
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great accuracy if we were to be certain that ther 
was no possibility of exceeding the safe dose. 

In two cases Na™ ratios of 0°77 were observed 
i.e., the Na*™ concentration in the C.S.F. wa ® 
130% of that in the serum. We have no reason ty 
suspect any error greater than 10% in these two 
measurements and think the subject worth further 
study. Greenberg, Aird, Boelter, Campbell, Cohn, 
and Murayama (1943) noted that from 20 hour 
after intravenous injection the concentration of 
Na*™ in the C.S.F. of dogs always exceeded that 
in the plasma. A slight excess would be expected, 
owing to the continued exchange of the body Na” § 
caused by dietary intake and renal excretion. This FF 
exchange is not normally fast enough to account 
for a difference of more than a few per cent. between 
plasma and C.S.F. The range of concentration in 
m.Eq./litre given by Hald (1946) is 134-2 to 1410 
for serum and Dailey (1931) gives a normal range 
of 131 to 149 m.Eq./litre for C.S.F. 

In the following discussion we shall assume the 
sodium ratio to be 1-0, although 0-96 is very probably 
a normal value. This would not, however, alter 
the main trend of our argument. 

Fig. 2 shows the bromide entry plotted against 
the Na™ entry in 105 cases of non-inflammatory 
disease (dots) and in 20 tests in 18 cases of inflam- { 
matory disease (crosses). In any case in which the 
Na*™ entry equals the bromide entry, that is to say, 
when the ratio Na™* to bromide is 1-0, the point 
will lie on the higher of the two diagonal lines 
drawn across the figure. 
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The lower line indicates the value for the ratio of : 


Na* to bromide of 2:6. This is the line on which 
points would lie if Na* and bromide entered through- 
out in the same proportions as those found at 
equilibrium (taking 2°6 as the average normal 
value for the bromide ratio). This follows because 
the ratio of Na™ entry to bromide entry is the 
quantity 


C.S.F. Na*‘ concentration x 100 





Serum Na*‘ concentration 
Serum bromide concentration 





C.S.F. bromide concentration x 100 


Now, if at equilibrium the concentrations of sodium 
in serum and C.S.F. are equal, then this quantity 
simplifies to 

Serum bromide 

C.S.F. bromide 


The crosses denote cases of inflammatory disease 
which are discussed in Section 11. The dots represent 
the non-inflammatory cases. It is clear from Fig. 2 
that not only do the majority of these lie closer to 
the upper than to the lower line, but that they lie 





i.e., to the bromide ratio 
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to the left of the upper line. In other words, in the 
majority of cases the value of the ratio Na*/bromide 
at four hours is nearer to unity than to 2°6, and, in 
many, bromide has actually entered the lumbar 
C.S.F. more rapidly than Na*. It follows, then, 
that for the ratio Na*4/bromide to reach 2-6/1 by 
24 hours, the Na™ must enter in a much higher 
proportion relative to bromide than it has done 
during the first four hours. That this change has 
already begun by the period four to four and a half 
hours after injection is shown by Table II, discussed 
above. The increase in Na* relative to bromide 
that takes place as the interval after injection 
lengthens is also well shown by serial observations 
carried out on individual cases. 

The point is further illustrated in Fig. 3, which 
shows results observed in 55 patients with non- 
inflammatory disease. Here the ratio Na™/bromide 
is plotted on the vertical scale and the percentage 


Sodium 


———— 


CSF XIOO 
Serum 





of Na™ on the horizontal, first at four hours after 
injection, and secondly, at the right of the graph, 
after equilibrium has been reached. 

While all points represent direct observations, 
the justification for treating the equilibrium set as 
representing the same relationship as is shown at 
four hours rests on the assumption discussed above 
that the sodium ratio at equilibrium is roughly 
1-0 and the further assumption that Na™* behaves 
exactly as Na? 

This figure has three features of interest, as 
follows :— 

Whereas at four hours the relative concentrations 
of Na*4 and bromide centre near 1-0 with a median 
at 1-02, at equilibrium they are in a very different 
proportion, with a median at 2°42. In other words, 
far more sodium in relation to bromide is found at 
equilibrium than at four hours (or at shorter periods, 
as our other results show). This change in ratio from 
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TABLE II 


Na* AND Br*! IN LUMBAR C.S.F. AT FOUR AND FOUR AND A HALF HOURS AFTER INTRAVENOUS INJECTION 
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| | 
38 Transverse myelitis | 250 32 39-5 5:8 9-48 109 1:15 | 21-0 1-8 5-05 | 3-38 | 0-67 28 3-30 
| (quiescent) 
144S DS. | 240 30. =| 28-7 5-7 7-17 11-4 1-59 | 23-6 4:8 59 9-6 1-63 40 2-44 
121S | DS. 240 30 «=| 26-6 38 6°65 76 1-14 13-5 1-3 3-37 | 26 0-77 26 2°81 
135S | Psychoneurosis 240 | 30 26-0 4°5 6-50 9-0 1-38 12-3 1-2 3-08 | 2-4 0-78 35 3-33 
211 X Senile 275 | 30 | 26:0 3-2 5-68 6-4 1-13 | 21-3 0:5 4-65 1-0 0-22 15 
SOS | DS. | 240 30. =| 24:3 4-1 6:07 | 8-2 1-35 18-0 0-0 4:50 00 0-00 31 
a | D.S. (with CO,) 240 | ae oboe ft SO. 1 7) Rie 1-20 | 12:3 3-1 | 307 | 6-2 2-02 40-316 
1446S | DS. | 240 30 ms | oe | 37 10-0 1-86 | 20-0 1-7 5-0 3-4 0-68 35 
133S | Hypertension 1238 | 30 |21-2 | 44 | 5-35 8-8 165 | 21-9 2°6 $-§ | 5:2 | 0-94 45 . 
1339S | DS. 1245 | 30 | 20-2 3-8 4-95 76 1-54 | 19-8 1-5 485 30 0-62 75 2:18 
68S | DS. 1245 | 30 | 19-4 3-1 4-75 6:2 1-30 | 15:2 2:1 3-72 | 4:2 1-13 62 
1238S | DS. | 247 | 43 1777 | 746 4-30 | 10-6 2-47 15-6 | 2:3 3-78 | 3-21 0-85 55 
212 X Senile 1305 | 20 | 21-3 | 30 4-18 9-0 2-15 16:8 0-4 3:30 | 172 | 0:36 36 . 
1425S Neurcsis 244 5S}. 1455 39 3-81 7-55 1-98 — — — — — 20 2-60 
222 X Senile 223 146 {114 | 24 3-07 9-0 2-93 14-3 0:8 3-85 | 30 0-78 61 2-06 
116S | D.S! (advanced) 240 30 1-2 | 18 2-80 | 3-6 1-28 | 13-25/ 1-15 | 3-32 | 2-3 0-69 50 2-29 
99 Lee 99 244 30 8-35| 2-55 2-05 5:1 2°48 | 12:5 1-2 3-07 | 2-4 0-78 82 3-18 
ee ee mm | 245 30 | 93 | 1-9 2-28 33 | 1-66 | 11-0 1-0 2:69 | 20 0-74 31 
% | ,, (with “‘priscol”) | 245 es as | 223 4-68 2:10 | 10-3 29 | 2°52 | 5-44 | 2°16 52 
Means 246-7 | 29-7 | 20-4 3-93 5-06 7-82 1- 702 | 16-26) 1:60 | 4-01 3-36 | 0-900 | 43-1 2-735 








| 
| 








110S T.B. meningitis | 243 | 30 46:5 | 3-5 | 11-50 
convalescing | | 

134$ Infective poly- | 255 | 30 | 47:8 | 7:2 | 11-22 
| neuritis } 

132S | Cerebral syphilis 245 | 30 | 276 8-6 6°76 

140S | Infective poly- | 250 | 30 (194 | 38 4:66 

| neuritis | 

125S | Severe meningitis | 245 30 16-2 1-6 3-96 | 

leaving gross | | 

damage 

126S Cerebral thrombosis | 240 30 15-4 | 10 3-85 

rs +s» (with CO,) | 242 | 30 | 17-8 | 0-2 | 4-42 

106 S D.S., arachnoiditis, | 257 | 70 129 | 69 3-01 
laminectomy 

a Plus CO, | 246 | 30 190 | 4-4 4-64 

210 X Healed T.B. menin- | 260 30 1. <2 1-89 | 

gitis } 





| 
| 






70 0-61 — — = = = as 2:36 
14-4 1-285 | 39-5 0-0 9:3 00 (00 375 1-73 
17:2 2:55 | 18-2 0-0 4:36' 00 0-0 147 

76 1-63 | 18-8 0-5 460 | 10 0-22 14 2:78 
3-2 0-81 12-1 2996 46 1-55 51 2-93 
2-0 0-52 | 12-6 0:5 3-15 | 10 | 0-32 | 105 

0-4 0-09 12-5 0:5 3-10 | 100 | 0-32 | 205 1-71 
5-9 1:97 | 18-2 16 4-25 | 1:37 | 0°32 | 220 2-48 
8-8 1:90 | 12-7 3-8 3:10 | 746 |2-45 | 118 2-48 
3-2 1:70 | 10-2 1-8 2°35 | 36 1-53 | 153 1-66 





Col. 
Col. 
Col. 
Col. 
Col. 
Col. 
Col. 

Col. 
D.S. = disseminated sclerosis. 


1-0 to 2°42 is far greater than could be accounted 
for by any differences between the equilibrium 
sodium content of C.S.F. and serum that have yet 
been described or found in any of our tests. It can 
be explained by the assumption that there are two 
sources of C.S.F., of which one contributes a much 
higher ratio of sodium to bromide than the other 
and only affects the lumbar region later. 

The figure also shows that in every one of these 
55 cases the ratio of sodium to bromide was higher 
at equilibrium than at four hours. Since this was 
not self-evident for the five cases with a four-hour 
ratio above 1-50, lines are shown connecting these 





(2) The time t, between intravenous injection of Na* and Br and the taking of the first lumbar sample. 
(3) The time between first and second lumbar samples. 
(4) and (9) The concentratiens of Na*™ and Br in the first samples expressed as C.S.F. x 100/plasma. 
(5) and (10) The increase in concentrations of Na™ and Br between first and second samples. 
(6) and (11) The average rise per hour in percentage concentrations during the first four hours. 
(7) and (12) The average rise per hour in percentage concentrations during the second period. 
(8) and (13) The ratio of the average rates of entry during the first and second periods. 
(14) The lumbar protein concentration in the first sample. 


points with the values found at equilibrium for the 
same patients. 

A third point of interest is that the four-hour 
points show a positive correlation between the 
ratio Na™*/bromide and the Na” entry. It follows 
that the higher of these rates of entry of sodium 
are not merely due to a single process admitting 
both sodium and bromide more freely, but are due 
to some process favouring sodium entry preferenti- 
ally. 

No single uniform mode of entry or exit can 
bring about these changes in the relative rates of 
entry of Na*“ and bromide. They could, however, 
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Fic. 3.—This figure shows the change in the relative proportions of sodium and bromide entering the lumbar C.S.F., which occurs after the 
first few hours in patients without inflammatory disease of the nervous system. Fifty-five cases are shown, 
(a) At four hours after the intravenous injection (towards the left of the chart), and (b) at equilibrium 24 hours or more after the injection 


(at the right pf the chart). 


In every case the ratio sodium entry/bromide entry is much higher at equilibrium than at four hours. 


To show 


that this holds for the uppermost of the four-hour points, these have been joined by lines to the equilibrium points for the same patients. 
The median of the four-hour ratios is 1-02 and that of the equilibrium points 2-40. 


be caused by the intervention of a second process 
after a delay period. Thus, they will result if 
bromide-poor fluid reaches the lumbar sac either 
from the choroid plexus or from the blood vessels 
of the central nervous system, provided that there 
is a time-lag due to the displacement of fluid from 
the ventricle, or from the perineural and perivascular 
spaces, before the bromide-poor fluid mixes with the 
fluid from the meninges. 


11. Na® and Bromide EntrieS in Diseases of the 
Extrapyramidal System 
in the course of our studies of the entry of Na™* 
and bromide in various neurological diseases 
certain departures from the normal were noted in 
2 


cases of Parkinsonism and allied conditions. These 
changes consisted of a reduction in Na™ entry into 
lumbar C.S.F. at four hours greater than that 
expected from the age of the patient, and accom- 
panied by a reduced bromide entry but a normal 
equilibrium bromide ratio. In presenting these 
findings we do not imply that they are pathog- 
nomonic for diseases of the basal nuclei: on the 
contrary, a reduction in the Na™ entry was observed 
in several cases of advanced neurological disease. 
But as the changes in the extrapyramidal group were 
not only consistent but in some cases were found 
early in the illness, before the patient’s general 
health was affected, it was thought that they merited 
attention. 
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TABLE III 


LUMBAR CONCENTRATIONS OF RADIOSODIUM AND BROMIDE FOUR HOURS AFTER INTRAVENOUS INJECTION jy 
CASES OF PARKINSONISM AND OTHER DISEASES OF THE BASAL NUCLEI 























| oe .  ——e 
| Na" Br Br at Equilibrium = 
Case No Disease Age | CS.F. x 100 | CS.F. x 100/ CSF. x 100! Plasma | (me. [i 
| —_— | ae Plasma CSF. | mi 
194S | Choreoathetosis since infancy with | 25 19-1 11-0 37-6 2-66 64 
| _ some dementia 
188 S Progressive dementia with extrapyra- | 29 15-9 10-7 32-3 3-09 70 
midal signs 
174S Wilson’s disease 32 12-75 12-3 36°8 2:72 20 
186S Congenital athetosis 39 16-0 17-3 39-1 2°56 52 
163S na a | 41 11-02 — — — 17 
286 X Parkinson’s, atypical 45 14-3 15-0 — — } 105 
172S me ? post-encephalitis 47 13-5 12-3 31-0 3-22 21 
1995S | a 48 14-3 10-5 37-2 2-69 31 
177S me certainly post-encephalitis 51 33-1 19-5 33-3 3-00 27 
158 S$ 9 ? post-encephalitis 51 10-2 9-8 — — 
137S St Arteriosclerotic 53 10-6 13-4 48-8 2-05 35 
164S 9° 9 54 12-4 — 42-1 2-38 30 
1i81S | s 54 15-4 — — — 
168S | ». idiopathic 56 18-0 12-7 34-6 2-89 39 
1534S | ” * (early) 62 13-8 11-0 — -- 55 
1733S | és Arteriosclerotic 65 20°6 14-4 33-8 2-96 30 
302 X - t 69 10-6 13-9 ~- — 41 
301 X as sé | 70 10-2 11-1 a 35 
288 X vs Re 77 7°75 9-0 33-6 2-98 22 
272 X me “s 81 11-4 15-2 53-7 1-86 82 
Mean values in 20 cases 52-45 | 14-55 12-89 38-0 2-70 41 








The results obtained in 15 cases of Parkinsonism, 
four cases of congenital athetosis, and one case of 
Wilson’s disease, are shown in Table III and Fig. 4. 
Cases of paralysis agitans and atherosclerotic 
Parkinsonism are included as well as three cases 
in which a diagnosis of post-encephalitic Parkin- 
sonism was made. In one of these (No. 1775S, 
aged 51 years) the diagnosis was beyond question, 
since the records of the acute attack in 1920 were 
available. 


In every case but one the four-hour entry of Na** 
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Fic. 4.—Percentage of radiosodium in lumbar C.S.F. four hours 
after intravenous injection in cases of disease of the extrapyramidal 
system. The line is in the same position as in Fig. 1 and shows the 
most probable values of sodium entry for normal patients. 


is considerably lower than in the majority of the 
normal cases, while the exception is the one case 
with the conclusive history of encephalitis lethargica. 

The mean value of the Na™ entry in these 20 
patients is 14-55, i.e., only just over half the figure 
of 30:06 found for normal patients. For Na™ 
the difference between the means for normal 
patients and for Parkinson’s is 5-82 times the 
standard error of the difference, i.e., is highly 
significant. Some of the difference is presumably 
due to the cases of Parkinson’s disease having a 
mean age of 52°45 years while the “ normals” 
average 42°3 years. The difference is, however, still 
significant if the mean value for normal cases is 
calculated only from the 13 patients with the same 
mean age as the patients in this group. 

The bromide entries show a smaller difference 
between the two groups, being 16°02 for the 14 
normal patients for whom we have figures, and 12°89 
for the patients with Parkinson’s disease. Though 
smaller, this is 3-8 times the standard error of the 
difference and is therefore still significant. 


Equilibrium Ratios for Bromide.—The ratios of 
bromide concentrations in serum and C.S.F. at 
equilibrium are also shown in Table III. The C.S.F. 
concentration averages 38% of that in the serum, 
and the mean bromide ratio is 2°70. This does not 
differ significantly from the values for those few 
normal cases in which we have the bromide ratio. 


12. Hypotheses Concerning Effects of Extra- 
pyramidal Disease on the C.S.F. 

We have considered three possible explanations 

for the low rates of entry into the lumbar C.S.F. 
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encountered in these cases. First, that the thoracic 
immobility characteristic of Parkinson’s disease 
retards the mixing of spinal and ventricular C.S.F. 
This is unlikely, since some of the patients were 
hyperkinetic rather than immobile, while in others 
the disease was still at an early stage. Nor would 
this account for the reduction in the four-hour 
bromide entry. 

A second explanation might be that atrophy of 
the basal nuclei may be accompanied by some degree 
of ventricular dilatation, causing a longer period 
than usual to intervene before fresh fluid secreted 
by the choroid plexus reaches the spinal canal. A 
moderate enlargement such as might escape comment 
could, we think, account for the unexpected com- 
bination of a reduced lumbar sodium four hours 
after injection with an equilibrium bromide ratio 
fully equal to the normal value. 

A third explanation is that disease of the anterior 
choroidal artery (and in some cases of the posterior 
choroidal artery also) may reduce the rate of 
secretion from the choroid plexuses. This hypothesis 
would explain why the cases of athetosis and Wilson’s 
disease showed the same features of reduced sodium 
entry as did those of Parkinsonism. It would not, 
however, explain why the bromide entry should also 
be reduced, nor why the equilibrium bromide ratio 
should be as high as 2-7, unless the choroidal 
arteries are responsible for the supply not only of 
sodium but also of bromide to the cranial C.S.F. 
Bering (1952) showed that in dogs bilateral removal 
of the choroid plexus caused practically no change in 
the very rapid entry of deuterium into the ventricles, 
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and more recently (Bering, 1955) has produced 
similar evidence for Na™. Entry is presumably 
through the ependymal capillaries, and if these play 
a part in the formation of C.S.F. they may well 
pass the bromide ion as readily as the meningeal 
capillaries. In some of our own tests the early 
appearance of bromide in the ventricles has suggested 
this route of entry. 

13. Findings in Inflammatory Disease of the 

Nervous System 

By contrast with the low Na*™ and bromide 
entries found in disease of the extrapyramidal 
system, in inflammatory disease of the nervous 
system both entries were markedly and consistently 
increased. This contrast is illustrated by Fig. 5, 
which shows the distribution of the Na™ and bromide 
entries in both groups of cases as compared with 
the normal. 

Table IV shows the results obtained from 23 
tests carried out in 21 cases of inflammatory disease. 
Since it has been shown that the bromide ratio is 
affected both by the stage of the disease and the 
aetiology of the inflammation (Smith et al., 1955), 
the cases are grouped according to these factors. 
Groups I, II, and III are made up of cases of tuber- 
culous meningitis; in Group I the tests were done 
during the first month of treatment; in Group II 
after several months of treatment but at a time 
when the infection was thought to be still active; 
and in Group III during convalescence. In two of 
the cases in Group II and one in Group III a com- 
plete manometric spinal block was present at the 
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Fic. 5.—Lumbar entry of sodium and bromide at four hours in normals, diseases of basal nuclei, and inflammatory disease. 
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TABLE IV 
FINDINGS IN INFLAMMATORY DISEASE 
































































































































Protein | Four Hours | 24-48 Hours | a 
No. | Age Diagnosis (mg./100) m0 | Comments 
ml.) | Na*%| Br% | Na*/Br | Na*% Br% | Na*™/Br | w | 
Group I ar | ee UH | 
345 X | 13 | Tubercular meningitis 430 | 98-4 | 118 0-83 — — | 
early in treatment | | 
253 X | 20 ditto 148 92:5 | 93-5; 0-99 | 112-2 | 96-1) 1-16 1-04 
417X/} 23 ditto | 337 78-4 96:4) 08 102 | 98-7 | | 1-01 | 
333 X | 16 ditto | 62:0 | 68 | 0-91 101 93 | 1:08 | 1:07 
447X)} 21 ditto | 190 55:7 | 63-8| 0-87 — — — — 
| 334X | 23 ditto | 866 | 335 | 65-3; 08 | 101 96 1-05 1-04 
Group II | | oe 
| 462 X | 19 | Tubercular meningitis 1000 | 109 | 96-2 1-03 92 | 109 | 0-92 | Complete spinal block 
late in treatment 
247X)| 16 ditto |} 280 | 60-0 | 69-4! 0-95 99 | 74:5] 1-18 | 1:34] 
73%. 53 | ditto | 2235 | 360 — | — | 1015/1110 | 09 | 091) 
194 X 5 ditto | i SS ee | 90-3 | 85-6 1-05 1:17 | Gross hydrocephalus 
228 X | 19 ditto | 7O ; — }125 | — y; — 7); — | 0- 79 | or spinal block 
187 X 7 ditto 45 | 542 | 56:7| 0-95 — “= — j;— ditto 
Group III | 431 X | 8 | Tubercular meningitis 45 | 56-2 26:9 | 2:05 98 | 36:5) | 2°73 - & 
convalescent | 
213 X | 19 ditto 83 | 40 33-2} 1-2 96:3 | 56°5| 1:7 | 1:77 ; 
199 X | 21 ditto 425 28-7 | 35:6) 90-81 93-7 | 81:2/ 1-14 |1 4 Complete spinal block [7 
247X| 16 ditto 119 | 29 26:3 0-98 89-5 | 51-1 13 : 
Group IV | } 
326 X | 18 | Pneumococcal menin- | 112 | 48 46 1-0 129 | 71 1-8 1-4 5 
gitis 3 
244 X | 38 | Micrococcal menin- 620 33-7 | 41-5| 0-8 _- 89 — 1-12 
gitis | 
275 X | 9 | Post-varicella ence- | 48 58-5 | 33 1-4 98:9 | 68 1-4 1-47| 1 month after onset 
phalitis, congenital | 
cerebral palsy 
275 X 9 ditto 63 30°8 32-4 0-93 | 86:5 | 53-7 1-4 1-86 | 33 months after onset 
205 X | 18 | Meningo-encephalitis| 120 53-7| — | 1:35 | 131 | 52 2-4 | 1-88 | 3h m months after onset 
448X)| 19 | ditto 70 36:3 | 29-1] 1-2 102 | 50 | 20 |20 | Treated with cortisone 
Group VI | 
134S | 51 | Acute infective poly- | 375 45 37:2} 1-2 — | 562; — 1-78 
neuritis 













time of the tests. In one case, No. 247X, two separate 
tests were done, one during the active phase of the 
disease and the other towards the end of convales- 
cence. Group IV contains two cases of active 
purulent meningitis, one pneumococcal and the 
other micrococcal. Group V contains two cases of 
meningoencephalitis of unknown aetiology, in one 
of which the patient was under the influence of 
cortisone at the time of the test, together with two 
separate observations made at an interval of almost 
three months in a case of post-varicella encephalitis 
superimposed on congenital choreo-athetotic cerebral 
nalsy. The single case in Group VI is one of acute 
infective polyneuritis in the active phase of the 
disease. 

For these 23 tests the mean four-hour Na* entry 
is 55-8, which is 1-85 times the mean value for the 
normals; and the mean biomide value is 59-5, 
which is 3-7 times the value for the normals (Table I). 
This striking increase in the rates of entry of both 
Na** and bromide is well shown in Fig. 2, where 
the values found in these inflammatory cases are 
plotted as crosses. With three exceptions, all the 



























inflammatory cases show a higher bromide entry 
than any of the non-inflammatory cases, and of the 
three exceptions two were cases of tuberculous 
meningitis in advanced convalescence and the third 
was the case of meningoencephalitis under treatment 
with cortisone. The overlap between the rate of 
entry of Na™ for the inflammatory and non- 
inflammatory cases is a little greater, but, even so, 
it is apparent that in the inflammatory cases it is 
as a rule also greatly increased. 

As with non-inflammatory cases, so the value of 
the ratio of Na** to bromide at four hours is, as a 
rule, close to unity. But as Table IV shows, this 
value tends to be preserved at equilibrium: in other 
words, the progressive increase in Na™ relative to 
bromide found in the non-inflammatory cases 
(Fig. 3) is seldom seen. Table IV also shows that 
the approximation of the ratio between Na™ and 
bromide at 24 hours with the equilibrium bromide 
entry is reasonably close. 

In Fig. 6 the bromide entry is plotted against the 
equilibrium bromide ratio both for these inflam- 
matory cases (crosses) and for the other group of 
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cases in which a low bromide ratio was found, 
namely, the special group of elderly patients with 
mild mental changes referred to in Section 2 (dots). 
The mean value for normals is also plotted. In 
the inflammatory cases it is clear that the bromide 
entry rises as the equilibrium ratio falls. In the group 
of elderly patients, on the other hand, the low 
bromide ratios are not accompanied by a high 
bromide entry. Thus, in none of the inflammatory 
cases is the entry below 25% and in only two is it 
below 30%, while in only one of the elderly patients 
is it as high as 25 %, and this in spite of a considerable 
overlap for the values of the equilibrium bromide 
ratio. It is also worth noting that, as in both groups 
of cases the four-hour Na™/bromide ratio usually 
approximates to unity, the relationship shown in 
Fig. 6 would hold for the Na™ entry. 


Fic. 6.—Lumbar bromide entry at four hours plotted against bromide ratio in inflammatory and senile cases. 


This seems clear proof that the depression of the 
bromide ratio in these two groups of cases is brought 
about by different means. It was argued in Section 8 
that the findings in the elderly can be explained on 
the hypothesis of degeneration of the choroid 
plexus. The findings in inflammatory cases, on the 
other hand, are readily explained on the assumption 
that when the capillaries of the meninges are 
dilated in inflammation they pass both sodium and 
bromide more freely than normal. It has been 
shown elsewhere that in tuberculous meningitis the 
equilibrium bromide ratio is more regularly and 
more profoundly depressed than in other varieties 
of meningitis (Taylor, et al., 1954), and also that 
when the infection is overcome the bromide ratio 
returns to normal (Smith ef al., 1955). Table IV 
shows that the same is true for the rates of entry of 

















bromide and, to only a slightly lesser degree, of 
Na*™*. Thus, Groups I and II show the highest 
rates of entry of bromide of any of the inflammatory 
cases and, with two exceptions, of Na™ also. But 
in Group I, in which convalescence was well 
advanced at the time of the tests, the rates of entry 
of both Na™ and bromide have fallen steeply. 
Case 199X is perhaps of particular interest (see 
Table V). Although the tuberculous infection had 
been obsolete for many months and convalescence 
was well advanced, a residual manometric spinal 
block was still present. The low lumbar Na™ entry 
relative to that of bromide, and an equilibrium 
bromide ratio of only 1:23 in the absence of any 
active infection, strongly suggest that the spinal 
block was preventing the arrival from the ventricles 
of sodium-rich fluid secreted by the choroid plexus. 


14. Results in Cases with Complete Manometric 
Spinal Block 

That bromide can enter the lumbar C.S.F. freely 
without the intervention of the choroid plexus has 
been shown by tests carried out on patients in whom 
the lumbo-sacral cul-de-sac was isolated from the 
intracranial cavity by a complete manometric 
spinal block. Complete manometric spinal block 
was diagnosed when jugular compression produced 
no rise in the pressure of the spinal C.S.F., although 
a free rise and fall could be produced during and 
on release of abdominal compression. In the great 
majority of our cases the presence of a block was 
confirmed either by the intrathecal injection of 
contrast media (air or “ myelodil’’) or by direct 
inspection at operation or necropsy. 

As Table 5 shows, the bromide ratio was low, 
ranging from 1-29 to 0°81, and it was always lower 


TABLE 


RESULTS IN CASES WITH COMPLETE SPINAL BLOCK 
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than that for the cisternal sample. The mean ratg while 
of bromide entry per hour were high, reading 14-44 theo 
per hour in the first two hours for Case 26X and to c 
10-4% for the first hour in Case 199X. In the the 
latter case the sodium entry figures are also available the « 
and at 68% in one hour and 28-7% in four hours A 
are very close to the average value of 30-06 a 9 ye 
four hours shown in Table I for normal cases, tube 
(The cross nearest to the left side of Fig. 2 shows was 
the four-hour values for this case.) The ratio bromide FR seve 
entry/sodium entry is in this patient 1-53 at one Ad 
hour and 1:24 at four hours. ven 
These results show that in cases where fluid from of | 
the ventricle either fails to reach the lumbar sac, car 
or only does so in small amounts, the bromide may anc 
enter the lumbar C.S.F. rather faster than the 4 
sodium, and that the equilibrium bromide ratio by 
is fairly close to 1-0. In the tumour case (No. 26X) an 
the bromide entry per hour during the first two int 
hours averages 14°4°% per hour, which is 3-59 an 
times the mean rate of 4-01 (Table II) for non- 
inflammatory cases. In Case No. 199X (with per- at 
sistent block bui no evidence of active tuberculosis) [) H 
the bromide entry at both one hour and four hours [)  w 
was considerably greater than in normals, while the si 
sodium entry at 28-7% was close to the mean value [) T 
although rather lower than the value of 35-O expected Qe 2: 
at age 21. e) 
tc 
15. Comparison of Lumbar and Ventricular C.S.F. if 
A simple method of determining whether bromide if 
passes the choroid plexus with difficulty while t! 
entering freely elsewhere would appear to be by s 
comparing simultaneous rates of entry of bromide t 
into lumbar and ventricular C.S.F. Some of our f 
earliest experiments were devised to this end, but ( 
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| | Lumbar Sample Cisternal Sample 
(Below Block) (Above Block) 
Time between Injection or Last Oral Protein Protein 
Case No. Age Dose and Sampling (mg./100 ml.)) Br Ratio Br % | (mg./100 mi.) | BrRatio | Br% 
A. Block from Spinal Tumours 
6X | 52 | 24 hr. 300 1-23 81-3 260 1-65 60-7 
max | 2 hr. 285 — 28-9 47 | 415 24:1 
ms me } 6 hr. 273 — 59-2 41 2-46 40-7 
81 X 61 | 23 hr. oral 212 0-89 112 175 2:26 44-3 
25 X 70 4 days oral 420 1-05 95-4 130 2-41 41-4 
B. Block from Tuberculous Meningitis 
eee 25 hr. 85 0-81 124 15 1-74 57-5 
jo? aim 9h | 24 hr. oral -- 0-87 115 —_ 1-28 78-3 
> Si ee 22 hr. oral _— 0-96 104 Cisternal 1-49 67-2 
| L. ventricular | 1-58 63-3 
199X | 21 8 weeks 520 1-08 — —_ — — 
1 hr. 425 — 10-4 — — — 
4 hr. 393 — 35-6 — — — 
24 hr. 7 min. 225 1-23 81-2 — — _ 
aoa.) 2 2-3 days oral 4,400 1-01 99 87 1-48 67-7 
| - 4,250 0-92 109 150 1-08 92-5 
| 19 days 3,950 1-06 94-5 56 2-57 39-0 
| | 3 days 1,200 1-29 77°5 20 | 3-45 29-0 
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while the results were entirely compatible with this 
theory most of these experiments had to be confined 
to cases of meningitis and encephalitis, in which 
the formation of the C.S.F. is greatly affected by 
the disease. 

An example of these tests is given by a child of 
9 years who had been treated for seven months for 
tuberculous meningitis and in whom the infection 
was considered obsolescent. She had developed a 
severe hydrocephalus during the course of the illness. 
Advantage was taken of a therapeutic lumbar and 
ventricular puncture to determine the relative rates 
of entry of bromide into both ventricle and spinal 
canal. Samples of ventricular and lumbar C.S.F. 
and of venous blood were first obtained and then 
4 g. NaBr and 1 ml. isotonic Na“Cl were given 
by intravenous injection. Samples of both ventricular 
and lumbar C.S.F. were withdrawn at frequent 
intervals during the first five hours after the injection 
and again on the following day. 

Unfortunately, blood samples were only obtained 
at 0, two, five, and 24 hours after the injection. 
Hence the earlier samples of C.S.F. were compared 
with the serum taken at two hours instead of at 
simultaneous times. The results are shown in 
Table VI. At equilibrium, that is to say, at 0 and 
24 hours, the bromide content of the lumbar C.S.F. 
exceeded that of the ventricle in the ratio 1-2—1-6 
to 1, a finding in line with our previous experience 
in tuberculous meningitis (Smith ef al., 1955). 


' Immediately after the intravenous injection, however, 


the excess of lumbar over ventricular bromide rose 
sharply, as shown graphically in Fig. 7, in which 
the ratio between the concentration of bromide 
found in the lumbar C.S.F. and that in the ventricular 
C.S.F. is plotted against time. 

In this and in similar cases bromide appeared 
in the lumbar C.S.F. much more rapidly than in 
the ventricular. Thus, six minutes after the injection 
the lumbar C.S.F. already contained 3°09 mg./ml., 
as against an initial value of 1-03 mg./ml., while 
the ventricular C.S.F., which contained 0°8 mg./ml. 
initially, showed no significant increase in the 
bromide concentration. Even allowing for the 
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TABLE VI 
LUMBAR AND VENTRICULAR FINDINGS IN CASE NO. 186 X 
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possible effect of dilution in the greatly dilated 
ventricle, this difference, which was maintained to a 
considerable degree even at 24 hours, is very strong 
evidence that bromide reached the lumbar C.S.F. 
directly without passing through the ventricles. 

The rise in concentration of Na™* was also more 
rapid into the lumbar than into the ventricular 
C.S.F. But, slow as was entry of Na** into the 
ventricle, it was always higher than that of bromide, 
as shown by the serial values for the ratio Na”4/ 
bromide for ventricular fluid (Table VI). By 
contrast, in the lumbar C.S.F. the bromide entered 
nearly 1°5 times as fast as the Na”; that is to say, 
they entered at rates roughly proportional to the 
mobility of the two ions. We have seen this in other 
cases of tuberculous meningitis. 

Table VII shows the results of estimations of 
both Na™ and bromide in samples of C.S.F. 
obtained by simultaneous ventricular and lumbar 
punctures. The cases are divided into three groups, 
according to the interval between the intravenous 
injection and sampling, and within each group are 
arranged in order of decreasing rate of entry of 
Na* into ventricular fluid. 

Group I comprises two cases of meningo- 
encephalitis with a moderate degree of ventricular 
dilatation, and two cases of tuberculous meningitis 
in which the tests were done early in treatment 
when the hydrocephalus was negligible, together 
with three observations made on two extremely 
advanced cases of tuberculous meningitis with 
gross hydrocephalus. In the first four cases the 
entry of Na™ into ventricular fluid was very much 
more rapid than into the lumbar C.S.F., while the 
reverse was true for bromide. Moreover, in the 
ventricular. fluid the entry of Na*™ was invariably 
and considerably greater than that of bromide; 
indeed, in one case (No. 205X) the ventricular Na™ 
at 35 minutes after the injection was 50°1°% while 
the bromide was too low to be distinguishable with 
certainty from the trace initially present. In lumbar 
fluid, on the other hand, the bromide entry sometimes 
exceeded that of Na”. 

In the remaining cases in Group I (below the 




















Time Lumbar Ventricle | 
i. tan) (OSS —— —__—___—_— ——-———-——|_ BrS/CSF.L | BrS/CSF.V 
, . Na* (%) Br (%) Na*™/Br a™ (%) Br (%) Na™/Br | 
0 6 3-4 5-4 0-63 0-6 0-1 6-0 | 
0 i 10-2 13-6 0-75 1-4 0-6 23 
0 21 19-1 27-7 0-68 2-4 28 0-85 
0 40 32-0 41-8 0-76 39 38 1-0 
2. e 35-3 47-2 0-74 11-9 9-2 1-3 
-Z_ 60-8 57-1 1-04 30:8 19-0 1-6 
ee 88-5 72-0 1-2 79-4 43-0 1-8 1-37 2-2 





Base-line values for bromide (mg./100 ml.): Serum = 1-61; L. C.S.F. = 1-03; V. C.S.F. = 0-79 
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u; 60 fluid, while the entry of bromide is greater into BH put d: 
Oo lumbar than into ventricular fluid. Once again § their 
x so . the entry of Na* into the ventricle was invariably To 
5 and often markedly greater than that of bromide BH C.S.! 
- while in the lumbar fluid the entry of bromide & C.S.F 
& often equalled or exceeded that of Na”. unab 
Dy The four observations listed in Group III were occul 
“gs 30" all made in very advanced cases of tuberculoys can 
= § meningitis with severe hydrocephalus, comparable (Cait 
¢ 204 to the cases below the dotted line in Group I. The Dut! 
3 relationships described above for those cases remain In a 
B 104 unaltered, even when the interval between injection inter 
5 and sampling is increased from approximately half toa 
ie ; : : i ,--.--.% an hour to between five and five and a half hours. 
1 2 3 = 5 24 While care is needed in applying to normal 17. 
TIME (hrs) persons findings obtained from cases of inflammatory 
Fic. 7.—A comparison of lumbar and ventricular bromide concentra- | disease or hydrocephalus, the results of these tests Vv 
tions following intravenous bromide injection. Case 186X. lend strong support to the view that the initial rate § of t 
of entry of sodium into the ventricle exceeds that in ¢ 
dotted line) the disease was long-standing and the of bromide, but that in the lumbar sac the reverse side 
hydrocephalus extremely advanced. The entry of is the rule. As Table VII shows, we have found of 1 
Na*™ into ventricular fluid was very much lower wide variation in ventricular ratios, depending wel 
than in the first four cases, though in two of the presumably on the state of the choroid plexus and cot 
three observations it was still just in excess of the perhaps best exemplified by the cases included in wit 
bromide entry. In the lumbar fluid, on the other Group I. Thus, the greatly depressed ventricular — cot 
hand, bromide entered more rapidly than Na™ entry of Na™ in advanced, hydrocephalic cases of it \ 
and both more rapidly than into ventricular tuberculous meningitis and the approximation of a | 
fluid. the ratio of Na**/bromide to unity, is in marked ‘ 
In the cases in Group II, where the interval contrast to the findings early in the disease and in dr 
between injection and sampling was four hours, the non-tuberculous cases. Tubiana ef al. (1951) ea 
the same relationships hold, namely, the Na™ also found that the Na™ entry into ventricular we 
entry is greater into ventricular than into lumbar C.S.F. was depressed in tuberculous meningitis, 
Taste VII a kt 
RESULTS OF ESTIMATIONS OF Na* AND BROMIDE BY SIMULTANEOUS VENTRICULAR AND LUMBAR PUNCTURES 7 
| | Ventricle Lumbar Bromide Ratio el 
No. Age Diagnosis | — — Comments 
| | Na*% | Br% | Na™/Br|; Na*% Br% | Na™/Br| S/V S/L W 
| | Group I: 25-35 minutes after injection fied tee rr fi 
205 X 18 | Meningo-encephalitis | 50-1 Trace | 750 3-4 2°3 5°8 — 1-88 | Late in treatment p 
275 Xi) 9 | Meningo-encephalitis 39-1 13 3-0 76 15 1-17 — 1-4 Early in treatment 
213 X 19 | Tubercular meningitis 35-4 12°6 2-9 6:8 7:8 0:87 — 1-16 i” ab ie Pp 
>) Se 2 eee * | 33-1 16-0 | 2-07 19-2 | 28-9 0-66 _ 1-04 a ; S 
194 X Se | Tubercular meningitis | 3-75 | 3-7 | 1-0 25-5 | 277 | 0-9 1-79 | 1-17 | Late in treatment Gross 
| hydrocephalus 
187 X(2) i > * |} 28 5-4 0-52 20-7 29-9 0-68 2:7 — | Gross hydrocephalus. 
| (in remission) } ? spinal block 
187 X_1) 7 | Tubercular meningitis | 1-58 1-0 1-58 401 | 5-6 07 | — | — | Gross hydrocephalus, . 
in recrudescence | | | Spinal block 
Group II: 4 hours after injection | | | | 
269 S 58 | Hemisphere glioma 101 OS.) 34 32-8 | 19-5 is¢ | — f= | 
327 X 18 | Tubercular meningitis 95 19 | 75 69 | 1-08 | | 1:0 | Early in treatment 
326 X 18 | Pneumococcal menin- | 86 19 | 45 48 | 46 |} 10 | 1:3 | 1-4 Blood in ventricle ? old 
gitis } } } 
2758S 49 | Post-trauma dementia | 74-4 123, | 6-0 39-6 | 135 | 29 | 44 | 2-8 7 
417X 23 | Tubercular meningitis 49-1 21-7 | 2-2 96-4 | 78-4 08 | 385 | 1-0 Early in treatment 
275 Xia) 9 | Meningo-encephalitis 28-0 16-0 | 1-8 32-0 | 33- 0-96 3-3 1-8 Late ,, ‘iu 
Group IIT: 5-54 hours after injection | | All 4 cases very late in | 
| treatment. 
95 X 5 | Tubercular meningitis | 23-5 12-1 20 74:0 | 84-1 0-88 3-0 0:94 | Gross hydrocephalus 
88Xi1)| 3 ¥ a 12 30 0-4 39 40 | 1-0 i 1-29 a3 ‘ 
88 X(2)| 3 oe a 12 7 1-7 49-4 | 45 1-1 3-38 1-5 ‘i rv 
xX 5} ee ‘* 10-1 9-0 1-1 41-1 | 498 | 082 | 30 0-94 a 
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but do not specify the stage of the disease at which 
their observations were made. 

To what extent the composition of ventricular 
C.S.F. was modified by diffusion or by reflux of 
C.S.F. is not known. In our tests we have been 
unable to estimate the rate at which reflux of C.S.F. 
occurred from cistern to ventricles. That reflux 
can occur must be inferred from previous work 
(Cairns, Duthie, Lewin, and Smith, 1944; Smith, 
Duthie, and Cairns, 1946; Cairns and Russell, 1946). 
In any event, its effect must be small when the 
interval between injection and sampling is reduced 
to a few minutes. 


17. Effect of Drugs and CO, Inhalation on Pro- 
duction of C.S.F. 

When it became apparent that the rates of entry 
of both Na*4 and bromide were significantly reduced 
in cases of Parkinsonism, the possibility was con- 
sidered that this might be an effect of the drugs 
of the hyoscine group which many of these patients 
were receiving. A few pilot observations, however, 
coupled with consecutive tests on patients with and 
without “ artane ”, made it clear that our findings 
could not be accounted for in this way. Similarly, 
it was shown that the bromide itself was not exerting 
a significant influence on the rate of entry of the 
Na”. Our studies on the possible effects of different 
drugs on production of the C.S.F. are still at an 
early stage, but the results obtained with CO, 
were sufficiently constant to warrant description. 


Inhalation of CO,.—Since carbon dioxide is 
known to dilate the cranial blood vessels (Shenkin 
and Novack, 1954; Gibbs, Gibbs, and Lennox, 
1935), it might be expected to increase the rate of 
entry of C.S.F. Table VIII shows results obtained 
when the subject inhaled 5% CO, in oxygen for 
five minutes in every 15 during the four-hour test 
period. The CO, caused only small rises in blood 
pressure, similar to those found by Kety and 
Schmidt (1948). In every case the four-hour con- 


centration of sodium was increased, while in all 
cases except the last that of bromide was diminished. 
On the assumption that the choroid plexus forms 
a fluid containing more sodium and less bromide 
than that directly entering the lumbar sac, these 
results may be due either (1) to the deeper breathing 
caused by the CO, increasing the rate of mixing 
of lumbar and cranial C.S.F., or (2) to more active 
secretion by the choroid plexus. The rise of bromide 
concentration in the last patient may be related to 
the subnormal rates found in the first half of his 
test. While we think it highly probable that these 
results show a real effect of CO,, they are too few 
to be conclusive. 


18. Theories of the Production of C.S.F. 

Until recently it has been widely assumed that the 
C.S.F. was secreted mainly by the choroid plexus 
and, to a less extent, by the meninges or blood 
vessels of the central nervous system and meninges, 
as a fluid of the composition found in the sub- 
arachnoid space, with the addition of protein and 
possibly waste products from the central nervous 
system. However, work with deuterium (Bering, 
1952, 1954), radiosodium, and other isotopes 
(Greenberg et al., 1943; Sweet and Locksley, 1953) 
has shown that the individual components of the 
C.S.F. enter at widely different rates and that water 
at least enters very freely and rapidly from widely- 
spaced sources—probably through all parts of the 
membranes surrounding the subarachnoid space. 
The ionic concentrations observed are often said 
not to satisfy the Donnan equilibrium for a static 
system, and, for this and other reasons, it is now 
considered probable that some of the ionic con- 
stitutents are secreted by the cells of the choroid 
plexus by the process now called “active ion 
transfer’’. It is known that the sodium ion may 
be thus “secreted” across other membranes, 
e.g., the red cells and the neurone, and, since electrical 
neutrality must be maintained, it follows that an 
equivalent number of anions must enter at the same 


TABLE VIII 
THE EFFECT OF CO, INHALATION ON RATE OF ENTRY OF SODIUM AND BROMIDE TO LUMBAR C:S.F. 





| | Four-Hour Sodium Entry 
C.S.F. 


C.S.F. 


Serum 


Four-Hour Bromide Entry 
x 100 C.S.F. x 100 


Serum 





| g Protein 
| (mg./100 ml.) 
| Without CO, | 


With CO, 


Change % | Without co, | With CO, | Change % 





DS. 
DS. 
Cerebral thrombosis | 
DS 


| 
| 


Syringomyelia 
Parkinson’s 
DS. 


13 21-5 
68 
15 


| 54 
| 43 


14-1 


— 37:2 
11-0 


— 27-6 
— 146 
— 31-7 
— 0-1 


+ 20-1 


12.4 
12-3 


+ 293 14.9 





Means . 


= 
| 
| 


| (+ 739) 138 =| (—128) 





D.S. = disseminated sclerosis. 
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time (except in so far as K or other cations are 
leaving the system). The known excess of chloride 
in the C.S.F. would suggest that this ion might also 
enter by “‘ active transfer’’, but such transfer of 
this ion is not recognized in other systems, and most 
of the phenomena concerned can be explained 
by assuming that the “‘ active ’’ transfer is primarily 
one of sodium ions. 

The outflow of the C.S.F. from the subarachnoid 
space is generally assumed to occur through the 
arachnoid villi and Pacchionian bodies into the 
Sagittal sinus, and to a less extent through the spinal 
roots. The arachnoid villi are supposed to pass 
large molecules as freely as small ones, and to 
return the C.S.F. into the veins by simple mechanical 
flow, which can occur easily owing to the reduced 
pressure in the veins concerned. The proof that 
deuterium can pass very freely through the mem- 
branes of the subarachnoid space, coupled with 
the finding that sodium and chloride ions enter the 
C.S.F. much more slowly, makes it clear that the 
production of obstructive hydrocephalus is due to 
the fact that osmotic equilibrium between C.S.F. 
and plasma will inevitably be approximated, and 
therefore that if more solute particles enter the 
C.S.F. than leave it in a given time, the volume 
must increase owing to the entry of water. 


Theories of the Bromide ‘‘ Barrier ’’.—The ionic 
mobility of the bromide ion is closely similar to 
that of the chloride ion, and (in water) is 1-56 times 
that of the sodium ion. In so far as entry into the 
C.S.F. occurs by diffusion, one would therefore 
expect that bromide and chloride would enter 
equally freely and be found in the same proportions 
in the C.S.F. as in plasma. However, as Walter 
(1925) showed, the bromide ratio plasma/C.S.F. 
is of the order of 2-5 to 3°0. This can be explained 
in several ways, as suggested below. 


(1) That Bromide Diffuses through Meninges 
More Slowly than Chloride.—This view is rendered 
most improbable by the low ratio for sodium 
entry/bromide entry after an intravenous injection. 
In meningitis it is also disproved by the low equi- 
librium values found for the bromide ratio (Hunter 
et al., 1954). These data show that bromide passes 
the spinal blood vessels or meninges at least as 
easily as sodium. That bromide and chloride pass 
at roughly the same rate is also rendered probable 
by the work of Greenberg et al. (1943) which 
showed the rates of entry of sodium and bromide 
into dog’s C.S.F. as almost equal, and that of 
Wang (1948), who showed that the rates of entry 
for sodium and chloride were closely similar both 
into dog’s C.S.F. and into the aqueous humour. 


(2) Active Transference of Sodium into C.S.F~ 
\t is clear that, as Davson (1956) has pointed out; 
 ~elective deficiency of a substance in a closed space 
~. ot occur merely from any partial resistance to 

, entry, since that would only lengthen the time 
needed for that substance to reach equilibrium. But 
if, in addition, that substance has a route of exit 
from the space, then any deficiency may occur. 
Thus, if the chief exit for solutes from the C.S.F. 
is the supposedly non-selective route through the 
arachnoid villi, the partition of substances between 
plasma and C.S.F. would vary directly according 
to their rate of entry. It is of course the average 


rate of entry over the whole system that is concerned | 


rather than that at any one point. It is thus easy 
to explain the observed lumbar bromide ratio of 
2°6 to 1 by assuming that the lumbar C.S.F. jis 
formed by the admixture of 1°5 volumes of fluid 
from the choroid plexus, containing one part of 
sodium with chloride bicarbonate, etc., but no 
bromide, and one volume from the meninges and 
other blood vessels containing one part of sodium, 
with bromide in the same proportion as in the 
plasma. 

Many of our tests were designed with a view to 
checking this hypothesis. They have given strong 
reasons for thinking that the choroid plexus (or 
at least that of the lateral ventricles) does secrete a 
fluid containing a low ratio of bromide to chloride, 
i.e., a high ratio of sodium to bromide, and that the 
spinal meninges pass bromide rather more freely 
than sodium, possibly even in the ratio of their 
ionic mobilities, 1°56 to 1. 

Our chief evidence favouring this is as follows: 
(1) The change in the median values of the lumbar 
ratio “sodium entry/bromide entry” (shown in 
Fig. 4) from 1°02 at four hours to 2°40 at equilibrium 
(for non-inflammatory cases); (2) the increase in 
rate of entry of sodium coupled with a decrease in 
rate of entry of bromide during the ninth half hour 
after intravenous injection, as shown in Table III 
and Section 10; (3) the increase in bromide ratio, 
i.e., decrease in bromide concentration, in the C.S.F., 
which is almost invariably found in ascending the 
neural axis from lumbar sac to cisterna magna and 
again from there to the ventricle (Hunter ef al., 
1954); (4) the fact that lumbar C.S.F. taken below 
a complete spinal block shows an _ equilibrium 
bromide ratio not far from 1-0, i.e., when the access 
of ventricular fluid is prevented the proportion of 
bromide is nearly equal to that of sodium. 


Summary 


The concentrations of bromide and of radio- 
sodium in the C.S.F. have been determined at 
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varying times after the intravenous injection of 
these substances. 

An extensive series of tests on patients in 
neurological clinic have shown regularities it > 
lumbar C.S.F., as follows :— 


1. In meningitis and encephalitis the rate ot entry 
of bromide is considerably higher than in the 
non-inflammatory diseases studied. The highest 
rates are seen in tuberculous meningitis, and in 
this disease the entry of sodium is also much 
increased. 

In both meningitis and encephalitis the 
equilibrium bromide ratio falls as previously 
reported (Hunter ef al., 1954). 


2. In non-inflammatory cases increasing age is 
accompanied by a fall in the four-hour lumbar 
sodium, but not in the four-hour bromide, and 
by a corresponding fall in the bromide ratio at 
equilibrium. The regression line of sodium 
upon age, at four hours after injection, is shown 
for a group of 20 patients showing only slight 
disease. 


3. In advanced disseminated sclerosis and other 
severe non-inflammatory nervous disease, the 
four-hour concentration of sodium and bromide 
tends to be reduced, but no regular correlation 
of this type has been demonstrated. 


4. In diseases of the basal nuclei, Parkinsonism 
(15 cases out of 16), congenital athetosis (three 
cases), and Wilson’s disease (one case) abnormally 
low figures were found at four hours both for 
sodium and bromide. Since the equilibrium 
bromide ratios are normal, this appears to be 
due either to a moderate enlargement of the 
ventricles or to degeneration of the anterior 
choroidal artery, or to both. 


5. In non-inflammatory cases the relative rates of 
entry of sodium and bromide into the lumbar 
sac show an important change with time. During 
the first few hours the bromide concentration 
rises proportionately as fast or faster than the 
sodium. At about four hours after intravenous 
injection the rise in sodium concentration becomes 
faster, while the rise in bromide becomes slower, 
with the result that at equilibrium the bromide 
ratio becomes about 2-6/1 instead of about 1/1 
as is found at four hours. 


6. It is concluded that this change gives very strong 
evidence for the belief that the solute contents 
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of C.S.F. come from two (or more) types of 
source of which the “‘ higher” one (presumably 
the choroid plexus of the lateral ventricles or of 
all four ventricles) secretes sodium with a much 
smaller proportion of bromide than the other 
sources. Other theories are discussed. 


7. Ina few cases comparison has been made between 
the rates of entry into the lateral ventricles, 
cisterna magna, and lumbar sac. The results 
give further support to the theory just mentioned. 


8. The inhalation of 5% carbon dioxide in oxygen 
was accompanied by an increase in the rate of 
entry of sodium in all the six cases tested and 
usually by a decrease in the bromide. 


We should like to acknowledge our debt to our 
colleagues in the Department of Medicine and the Medical 
Research Council Unit for their share in this work, 
and particularly to Drs. Ritchie Russell and R. M. 
Acheson and Drs. Hunter and Stott. We are also most 
grateful to Dr. Philip Bedford for his help and interest 
in this work. 
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PROGRESSIVE FAMILIAL CHOREOATHETOSIS WITH CUTANEOUS 
TELANGIECTASIA 
BY 
CHARLES E. WELLS and G. MILTON SHY 


From the Medical Neurology Branch, National Institute of Neurological Diseases and Blindness, National 
Institutes of Health, Public Health Service, Department of Health, Education, and Welfare, Bethesda, M.D., 
U.S.A. 


Progressive athetosis beginning in childhood after 
the neonatal period is a rare clinical phenomenon 
which has been further clarified into only a small 
number of distinct clinical entities. The purpose of 
this communication is to direct attention to the 
incidence of this phenomenon in two sisters, each 
of whom _ subsequently developed progressive 
bilaterally symmetrical cutaneous telangiectasia. 

The L family is composed of healthy non-con- 
sanguinous parents (ages 45 and 54 years) whose 
only children are three girls, all of whom are affected 
with progressive neurological disorders. The two 
younger siblings present a similar clinical syndrome, 
whereas the oldest manifests a different disease 
pattern. The only other known affection of the 
nervous system within the family is Parkinson’s 
disease which occurred in three of the paternal 
forebears (Fig. 1). 

The oldest child (IV-d) appears to have a different 
disorder clinically from that in the two younger. 
This child, now 14 years of age, was born after a 
normal period of gestation but was cyanotic at birth. 
She was not considered abnormal, however, until 
after an episode of fever, diarrhoea, and lethargy 
at 6 months of age. She has been regarded as 
retarded, both physically and mentally, since that 
time. She learned to walk only after special training 
and this ability has regressed within the past several 
years. Snreech has never been purposeful. Psycho- 
logical studies have shown her to be at the idiot 
level. The disorder appears to be progressive. 

On examination* the child was very over-active 
and was continually repeating stereotyped phrases. 
She never appeared to fix her attention on any person 
or object. No nystagmus was present. Vision was 
preserved. The extremities were symmetrical and 
displayed no atrophy. Talipes valgus were present. 
Marked resistance to passive movement of the 





* We are indebted to Dr. William J. Logue of the Pennhurst State 
School, Spring City, Pa., for permission to examine this patient. 
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clasp-knife type was noted bilaterally in the upper 
and lower extremities, more marked on the left. 
The lower extremities were strongly adducted with 


some scissoring. Strength was well preserved. No | 
Ankle 


choreo-athetotic movements were evident. 
clonus was present bilaterally and the deep tendon 
reflexes were active and equal on the two sides, 
There were no skin lesions in any way resembling 
those in her younger sisters. 

The two younger children present similar clinical 
syndromes which differ from that in the eldest. 


The onset of the disorder in the two younger siblings | 
was at ages 5 and 7. Its inception was characterized ff 
by difficulty in motility in hitherto normal children. | 
Abnormal movements of the trunk and extremities 
while at rest were then noted, followed by progressive } 


difficulty with speech. Two to three years after the 
appearance of the above symptoms, cutaneous 
lesions were first observed in each of the children. 
The distribution of these lesions was similar in 
each. These were most evident below the eyes, in 
the antecubital and popliteal fossae, and over the 
dorsum of the hands, forearms, legs, feet, and the 
anterior neck region. 

Physical examination revealed choreo-athetosis 
involving the face, tongue, trunk, and extremities. 
Inconstant difficulties in conjugate ocular deviation 
in all directions was noted. A staggering gait with 
propulsive characteristics was observed, along with 
poor coordination which was not out of proportion 
to the involuntary movements. Examinations earlier 
in the disease by other investigators indicated that 
the amount of incoordination may have been exces- 
sive in proportion to the involuntary movements 
then apparent. Strength was normal throughout 
and skeletal musculature well preserved. No increase 
or decrease in resistance to passive movement was 
observed. Excepting the ocular movements and 
athetosis of the tongue, face, and neck, examination 
of the cranial nerves revealed no abnormality. 
Sensation remained intact. The deep tendon reflexes 
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Fic. 1.—Pedigree of family L. 


t Numbers below the figures indicate ages at present or at 
death, when known. 

*I-d’s oldest brother developed mental retardation and 
abnormalities of gait and speech following measles at 2-3 years 
of age. No other neurological disorders known in her family. 

Causes of death, when known. 
cerebrovascular accident 
hypertension, cerebrovascular accident 
uraemia 
Parkinson's disease 
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were absent while the abdominal reflexes remained 
active and the plantar response, downgoing. 
Mentation in both children appeared normal. 
Speech was noticeably slow and indistinct, associated 
with facial grimacing and respiratory irregularity. 
Multiple minute vascular channels which blanched 
on pressure were present in the conjunctivae, in the 
skin under the eyes, across the bridge of the nose, 
in the periclavicular area, antecubital and popliteal 
fossae, and on the dorsum of the forearm, hand, leg, 
and foot. 

The remainder of the physical examination 
revealed no abnormality except hepatomegaly in 
the youngest child. Clinical pathological investiga- 
tions revealed no abnormalities. 


Case Histories 
Case IV-e (Age 10 Years, 8 Months).—The birth and 
early development were entirely normal. The child 
began to walk at 11 months of age and to talk at 16-18 


II-c = hypertension, congestive heart failure 


II-d = acute diarrhoeal disease 
IIl-e = diabetes, renal abscess 
II-f = appendicitis 


Il-g = Parkinson’s disease 

II-h = cerebrovascular accident 
II- i = coronary occlusion 

IIl-h = rectal carcinoma 

IIl-k = Parkinson’s disease, suicide 


months. She always appeared slightly clumsy to her 
parents, but this was not considered to be of unusual 
degree. At 5 years it was first noted that she had difficulty 
in holding her head steady. Within the year her parents 
observed that she never walked slowly but always 
appeared to run from one spot to another. She developed 
difficulties with balance, tending to totter from side to 
side while walking, and she began to spill fluids from 
glasses. At 6 years slow, undulating movements of the 
trunk and extremities while at rest were seen, and her 
speech became slurred and hard to understand. By 7 
years, facial grimacing had made its appearance, and her 
handwriting showed deterioration. 

These difficulties have been progressive since the onset, 
though the advancement appears to have been slowed 
during the past year. At present the child is severely 
disabled. Her gait is quick-stepped, with much staggering 
in all directions, She is able to feed and to dress herself 
with much effort. She attends school where no evidence 
of any mental deterioration has been noted. 

Within the past one or two years, many small bright 
red spots which blanche on pressure have been noted in 





FiG. 2 (a, b, c, d).—Typical skin lesions in Patient IV-e. 


Fic. 3 (a, b, c, d).—Typical skin lesions in Patient IV-/. 
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her skin. These have developed below the eyes, across 
the bridge of the nose, about the neck, in the antecubital 
and popliteal fossae, and over the dorsum of the forearms, 
hands, legs, and feet. The parents are quite certain that 
these were not present earlier in life. 

The past history and systemic review were unremark- 
able. 

General physical examination was not significant 
except for the skin lesions (Fig. 2). These consisted of 
rather localized reticular areas of telangiectasia, which 
blanched on pressure, in the bulbar conjunctivae, 
beneath the eyes, over the bridge of the nose, the anterior 
and upper chest, in the antecubital and popliteal fossae, 
and over the dorsum of the forearms, hands, legs, and 
feet. Dr. Eugene Van Scott, consultant in dermatology, 
observed that these lesions did not resemble those seen 
in the Osler-Rendu-Weber syndrome, Sturge-Weber- 
Dimitri syndrome, or von Hippel-Lindau syndrome. 

No Kayser-Fleischer ring could be seen either by 
naked eye or slit-lamp examination. The spleen and the 
liver were not enlarged. 

On neurological examination the patient was intelligent 
and alert. Psychological studies revealed an average to 
high average range of intellectual function. Cranial 
nerve examination showed limitation of upward con- 
jugate gaze. Lateral conjugate gaze was at times limited, 
with some nystagmoid jerks. Occasionally dysconjugate 
lateral movements were seen. There was a slight right 
esotropia. The face was somewhat mask-like and was 
contorted by frequent grimaces. The tongue was involved 
in almost continuous athetoid movements. Speech was 
slurred and sometimes “ mushy’, associated with dis- 
turbances in the rhythm of respiration. At rest the trunk 
and head swayed continuously but irregularly in all 
directions. All four extremities were involved in the 
flowing, undulating involuntary movements which were 
asymmetrical at a given time but approximately equal 
on the two sides. These slow movements were occasion- 
ally interrupted by quick single movements causing 
momentary displacement of the part involved, for 
example, the finger or shoulder. On standing, she could 
maintain balance only with the feet separated widely 
apart. Walking was of a propulsive character with much 
staggering, the legs being thrown out wildly at the sides, 
the upper extremities being abducted into strangely 
contorted postures in an effort to maintain balance. 

The muscles were well developed and without apparent 
weakness. Tone appeared normal within the limits 
imposed on the examination by the involuntary move- 
ments. Fine finger movements were slightly slowed 
while rapid rhythmic movements were markedly so. 
Associated movements occurred in the contralateral 
extremity on voluntary contraction of the homolateral 
limb. Finger-to-nose, point-to-point, and heel-to-shin 
tests were performed poorly, with much overshooting 
and undershooting; to dissociate this disability from the 
involuntary movements was impossible. 

No sensory abnormalities were demonstrated. Deep 
tendon reflexes were not elicited. Superficial abdominal 
reflexes were active and equal. Plantar responses were 
downgoing. 


Skull radiographs revealed no abnormalities. The 
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electroencephalogram showed a diffuse dysrhythmia. A 
serological test for syphilis was negative. Urine analysis 
revealed no significant abnormalities. Haematological 
studies (including haematocrit, white blood cell and 
differential count, sedimentation rate, and platelet count) 
were normal. The blood group was B, Rh positive. 
Studies for evaluation of liver function (alkaline phos- 
phatase, cephalin flocculation, thymol turbidity, total 
protein, albumin-globulin ratio, prothrombin time, serum 
bilirubin, cholesterol, bromsulphalein) were within 
normal limits, as were blood urea nitrogen and fasting 
blood sugar. Studies for evidence of hepatolenticular 
degeneration (total urinary amino-acids, urinary copper, 
serum copper, ceruloplasmin, serum uric acid) were 
negative. In addition, specific quantitative and qualitative 
urinary amino-acid and sugar studies disclosed no 
abnormalities. Spinal fluid examination showed normal 
cells, protein, globulin, and a normal colloidal gold curve. 


Case IV-f (Age 9 years, 6 Months).—The birth and 
early development were entirely normal. The child 
began to walk and to talk at the usual ages and never 
displayed any clumsiness. She was considered to be 
entirely normal until approximately 7 years of age when 
her parents noted her to have difficulty with balance 
while walking. This staggering increased in severity and 
her steps became much quicker than previously. In- 
voluntary movements then appeared, taking the form 
of quick, non-repetitive, asymmetrical jerks involving a 
part of a segment or a segment of the extremities associated 
with slow undulating movements of the extremities and 
the trunk. The quick components of the abnormal move- 
ments were more prominent than they were in her older 
sister. Shortly thereafter her speech became slurred and 
difficult to understand. 

Progression of the symptoms has been somewhat faster 
in this child than in her older sibling. At present she 
has much difficulty with walking. She can feed herself 
but can only partially dress herself. She attends school 
where her scholarship is poor but with no suggestion of 
mental deterioration since the onset of the illness. 

Within the past year skin lesions of exactly the same 
nature and distribution as those present in her older sister 
have appeared. 

The past history is unremarkable except for the presence 
of a left esotropia of several years duration. The systemic 
review was negative. 

On examination of the skin, lesions of exactly the same 
type as are present in her older sister were noted (Fig. 3). 
These were present in precisely the same distribution, 
though of less severity. The liver was palpable 1 cm. 
below the right costal margin; it was smooth and not 
tender. No Kaiser-Fleischer ring could be seen either 
directly or on slit-lamp examination. 

On neurological examination the patient was mentally 
clear and alert. Psychological studies revealed a function 
at the lower limits of the average range. The cranial 
nerve examination showed a left esotropia, some limita- 
tion of upward gaze, and intermittent limitations in 
lateral conjugate gaze in either direction with occasional 
dysconjugate movements. Expressive facial movements 
were reduced and there were frequent grimaces. The 
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tongue showed continuous athetoid movements. Speech 
was slow and slurred and was associated with respiratory 
irregularities. 

The child could maintain herself in the standing 
position with the heels held together. While standing 
or sitting the head and trunk swayed markedly. Two 
types of abnormal movements of the extremities could 
be distinguished. The first consisted of irregular, asym- 
metrical quick movements which were non-repetitive in 
the same muscle groups, involved either single or entire 
muscle groups, and might or might not cause segmental 
displacement. The second consisted of slow, irregular, 
non-repetitive, asymmetrical flowing movements, most 
severe in the fingers and hands. When walking, she 
threw her feet out in an awkward manner and tottered 
from side to side, while the arms were abducted in 
strange postures in a partially effectual effort to maintain 
balance. 

No evidence of muscular atrophy or weakness was 
found. There was a question of minimal increase in tone, 
evaluation being quite difficult due to the constancy of 
the abnormal movements. Fine movements were con- 
siderably slowed. Attempts at rapid rhythmic movements 
resulted in decomposition of the usual movement pattern. 
Point-to-point, finger-to-nose, and heel-to-shin tests were 
ill performed, with much overshooting and undershooting 
which could not be dissociated from the abnormal 
movements in the examination. 

No sensory abnormalities were observed. Deep tendon 
reflexes were not elicited. Superficial abdominal reflexes 
were active and equal on the two sides, and plantar 
responses were downgoing. 

The same laboratory examinations were performed in 
this patient as in her older sister. No further abnormalities 
were uncovered in any of these studies. 


Discussion 

The onset of athetosis at the ages of 5 and 7 
removes from diagnostic consideration the largest 
group of involuntary movements of childhood, i.e., 
those which occur on or about the neonatal period 
(double athetosis, cerebral diplegia, and kernicterus). 
The duration of the illness, its steady progression, 
and the absence of signs and symptoms such as 
arthralgia, subcutaneous nodules, cardiovascular 
disease, and elevated sedimentation rate, also make 
the choreo-athetosis associated with rheumatic fever 
unlikely. 

Therefore from a diagnostic standpoint we are 
confronted with a progressive degenerative disorder 
of the neryous system occurring in three siblings 
and characterized in two by choreo-athetosis and 
cutaneous telangiectasia. We have been unable to 
find such a syndrome previously described. If one 
assumes that these two processes (choreo-athetosis 
and cutaneous telangiectasia) are unrelated and that 
two concurrently progressive disorders are present, 
then several diagnostic possibilities must be con- 
sidered: (1) A post-encephalitic disorder of the 
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extrapyramidal system, (2) a toxic disorder of the 
extrapyramidal system, (3) a progressive disorder 
of the extrapyramidal system. 

A post-encephalitic disorder must certainly be 
considered in the eldest sibling. Since the abnor- 
mality was first noted following an infectious process, 
a post-encephalitis abnormality is possible in this 
child; if, however, all three siblings are considered, 
there is strong argument against such an origin, 
The questionable aetiological episode in the eldest 
antedated the neonatal period of either of the two 
younger children. No history of antecedent infec- 
tion could be obtained in these younger children, 
and furthermore the onset of their neurological 
involvement was separated by over two years. 
Lastly, the likelihood of an identical syndrome 
following encephalitis in two afflicted members of a 
family would be distinctly unusual. 

The likelihood of this being a toxic disorder is 
slight in view of its onset at widely separated periods. 
We were unable to obtain a history of exposure to 
either carbon monoxide or manganese. 


Progressive disorders involving the basal ganglia 
have been described by Creutzfeldt (1920) and Jakob 
(1921) (recently reviewed by de Ajuriaguerra, 
Hécaen, Layani, and Sadoun, 1953; Lhermitte, 
Cornil, and Quesnel, 1920; Lhermitte and McAlpine, 
1926; and Ross, 1955). The onset in each of these 
disorders was reported to be in adult life. To our 
knowledge such disorders have not been observed 
in children. 

There remains for diagnostic consideration only 
a group of rare progressive disorders of infancy and 
childhood in which the extrapyramidal system may 
be involved: (1) Hepatolenticular degeneration, 
(2) progressive atrophy of the globus pallidus, 
(3) dystonia musculorum deformans, (4) Pelizaeus- 
Merzbacher disease, (5) Hallervorden-Spatz disease, 
and (6) status dysmyelinatus. The clinical charac- 
teristics which distinguish these disorders are listed 
in Table I. 

The most common progressive degenerative dis- 
order of the extrapyramidal system in childhood is 
hepatolenticular degeneration (Wilson, 1912). Within 
the past decade, abnormalities in copper and protein 
metabolism and in amino-acid excretion have been 
described in this disorder (Uzman and Denny- 
Brown, 1948; Cartwright, Hodges, Gubler, Mahoney, 
Daum, Wintrobe, and Bean, 1954; Bush, Mahoney. 
Markowitz, Gubler, Cartwright, and Wintrobe, 
1955). All such studies (serum copper, urinary 
copper, serum ceruloplasmin, urinary amino-acids) 
were within normal limits in these two patients. 
This would appear effectively to rule out a diagnosis 
of hepatolenticular degeneration in our two patients. 
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TABLE I 
PROGRESSIVE EXTRAPYRAMIDAL DISORDERS OF CHILDHOOD 
Hepato- | Progressive | Dystonia : 
Syndrome Lenticular Atrophy of | Musculorum —— eos gal D —— 
Degeneration | Globus Pallidus | Deformans P ~~ 
Onset Bee | Ist-4th decade 6-30 years | 5-15 years Infancy Childhood Infancy 
Duration ii) | Moderate | Moderate | Long Long Moderate Moderate 
| (2-20 years) (10-20 years | (to 52 years) | (death at (death at 
| 16-27 years) 10-20 years) 
Mental Power | ? Preserved | Preserved Preserved | + | Demented &.: ? 
Neurological Tremor | Juvenile Prolonged con- | Nystagmus | Rigidity | Rigidity 
Picture Choreoathetosis | Parkinson’s tractions of Rigidity Pareses Athetosis 
Wing beating } disease axial muscles | Incoordination Slowed speech 
Rigidity Pareses Contractions 
Spasms | Mask-like facies Choreoathetosis | 
K-F ring | Slowed speech | 
Cirrhosis | movement 
| Pyramidal signs | 
Transmitted Familial Sometimes | Rarely | Sex linked | Familial | Sporadic 
familial familial | 
Pathology Nerve cell loss Degeneration Status marma- | Demyelination Iron deposition Demyelination 
in basal | of nerve cells ratus. De- with islands in globus | of striopal- 
ganglia and in globus generation of preserved pallidus, sub- | lidal, thala- 
cortex. Wide- pallidus. of nervecells | myelin. Rela- | stantia nigra, mopallidal, 
spread gliosis in basal tivesparingof | and vascular pallidoluy- 
| ganglia cortex walls of sial and H(1) 
basal ganglia tracts 
Clinical Pathology Amino-aciduria ? ¥ ? ? 
| 


min} Serum 
copper) Urine 
copper 





The absence of tremor and rigidity in our two 
patients makes unlikely the diagnosis of progressive 
atrophy of the globus pallidus (juvenile paralysis 
agitans) (Hunt, 1917; Denny-Brown, 1946). 

Many clinical patterns have in the past been placed 
within the dystonia musculorum deformans category. 
If one accepts Herz’ (1944) criterion for the diagnosis 
of dystonia musculorum deformans, based on clinical 
and pathological studies, then prolonged contrac- 
tions of the axial musculature are prerequisite for 
the diagnosis. This criterion was not satisfied by 
our patients. Furthermore the familial occurrence 
of dystonia musculorum deformans is rare. 

In 1885 Pelizaeus reported a progressive neuro- 
logical disorder involving five members of a single 
family. In 1910 Merzbacher presented a further 
report on the same family in which 14 members of 
four generations were afflicted, 12 being males and 
two females, together with the pathological findings 
in one case. The disease characteristically appeared 
in the male and was transmitted by the female. 
Symptoms were usually first noted at about 3 months 
of age, though onset at 43 years has been reported 
(L6wenberg and Hill, 1933). Its occurrence in 
females and its non-familial incidence have also 
been recorded (Scheftel, 1931; L6wenberg and Hill, 
1933). Nevertheless, a diagnosis of Pelizaeus- 
Merzbacher disease in our two patients would appear 
unlikely, due to its late onset and the absence of 
3 


mental deterioration, rigidity, paresis, and pyramidal 
signs. Such a diagnosis, however, could not be 
ruled out definitely for the eldest child. 

Hallervorden and Spatz (1922) described a 
progressive disorder with onset in childhood in- 
volving five female siblings, characterized by 
spasticity, paresis, and contractions of the extremities 
associated with mental deterioration and choreo- 
athetosis. Against such a diagnosis in our two 
patients is the absence of paresis, contractures, and 
spasticity and the presence of well preserved mental 
faculties. 

Status dysmyelinatus (Vogt and Vogt, 1920, 
abstracted at length by Winkelman, 1923) is an 
extremely rare disorder characterized by the onset 
in infancy of progressive rigidity and athetosis. It 
has been reported associaied with convulsions (the 
Vogts’ first case) and with dystonia (Alexander’s 
second case, 1942). It has net been reported to 
occur familially. The late onset, absence of rigidity, 
and familial nature of the disease in our patients 
argue against this diagnostic possibility. 

Thus, even if the presence of two concomitantly 
progressive disorders is accepted, it is difficult to 
place the neurological involvement with certainty 
within any of the previously defined entities. If, 
on the other hand, the premise of two independent 
processes in these two patients is rejected, then the 
question must arise as to the nature of the disease 
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which is manifested by progressive choreo-athetosis 
associated with cutaneous telangiectasia. Neurolo- 
gically, these two patients present definite evidence 
of disease involving the extrapyramidal system, 
together with dorsal root or peripheral nerve in- 
volvement (absent deep tendon reflexes), and possibly 
cerebellar involvement (suggested by the early 
ataxia though now impossible to determine 
accurately due to the frequency of involuntary 
movements). We have no further relevant in- 
formation concerning the possible pathogenesis of 
this disorder, and carotid arteriograms were declined. 


Summary 

The case histories of two sisters evincing a syn- 
drome with onset in childhood of progressive 
choreoathetosis associated with similar symmetrical 
cutaneous telangiectasia are presented. The clinical 
pattern of this syndrome does not fit clearly into 
any of the previously defined diseases of childhood. 
Its aetiology is unknown. 


CHARLES E. WELLS AND G. MILTON SHY 
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THE OCCURRENCE OF EPILEPTIC FITS IN LEUCOTOMIZED 
PATIENTS RECEIVING CHLORPROMAZINE THERAPY 


BY 


D. W. LIDDELL and N. RETTERSTOL 


From Runwell Hospital, near Wickford, Essex 


In recent years, chlorpromazine has played an 
increasingly important role in the treatment of 
mentally disturbed patients, but a number of com- 
plications and side-effects after this treatment have 
been recognized. The more important are hypo- 
tension, tachycardia, jaundice, leucopenia, fever, 
irritation at the site of injection, dermatitis, and 
photosensitivity. Digestive symptoms are constipa- 
tion and increase in appetite and weight. Incontin- 
ence and frequency of micturition may occur, and 
Parkinson-like syndromes have been described. 

Another complication which is not so commonly 
recognized is the occurrence of epileptic fits. Anton- 
Stephens (1954) mentioned a patient who had had 
a leucotomy and while on chlorpromazine treatment 
developed generalized convulsions. However, he 
considered them to be post-leucotomy phenomena. 
Lehmann and Hanrahan (1954) noted that a patient 
who had been given 2 ml. nikethamide after a 
collapse following chlorpromazine treatment 
developed status epilepticus. Giacobini and 
Lassenius (1954) observed that three of their patients, 
who had never had epileptic fits before, had such 
attacks during the treatment; one of these patients 
had undergone a leucotomy and another had had 
repeated courses of electro-shock therapy. Bonafede 


(1955), who claimed good results by treating chronic- 


ally disturbed epileptics with chlorpromazine, 
mentioned one case where serial epileptic seizures, 
believed to have been precipitated by chlorpro- 
mazine, resulted in death. He felt that it was not 
usually necessary to reduce anticonvulsant therapy 
to give chlorpromazine, in fact, difficulty was 
encountered in some cases when an attempt was made 
to reduce the barbiturate. Merlis (1955), who had 
also used chlorpromazine in the treatment of severely 
disturbed psychotic epileptic patients, described 
one case of epilepsy in which convulsions were 
produced immediately after a chlorpromazine 
injection. He stated that he had been able to produce 
convulsions in about 2 % of his 150 epileptic patients, 
using chlorpromazine. 


Lomas, Boardman, and Markowe (1955) described 
epileptic fits as a complication after chlorpromazine 
treatment. They found epileptic fits occurred in 
10 of their 800 chlorpromazine-treated mental 
hospital patients (13%), and that this complication 
had no relationship either to the dosage at the time 
or the duration of the treatment. Six of their 10 
patients had had a leucotomy, and four of these 
had had fits immediately after the operation, but 
not for many years. They concluded that chlorpro- 
mazine had epileptogenic properties which might 
lead to manifest fits in susceptible people. 

Schlichther, Bristow, Schultz, and Henderson 
(1956) described the occurrence of 14 seizures in a 
group of 11 patients out of a total of 21 psychiatric 
cases which were receiving high doses of chlorpro- 
mazine. Five of these 11 cases had had a previous 
leucotomy and one further case had had a crani- 
otomy. 

In this paper we propose to describe seven further 
cases, of which six have been investigated by 
electroencephalography. In all, 75 chronic mental 
hospital patients have been treated with chlorpro- 
mazine in doses varying from 100 to 600 mg. daily. 
Twenty-one of these had had a prefrontal leucotomy 
performed at an earlier stage, and were patients 
who still showed behaviour disorder after the 
operation. In seven cases epileptic fits occurred 
during chlorpromazine treatment, all in the leucotomy 
group. The seven patients had also been treated 
with E.C.T. at an earlier stage, but so had also all 
the other patients who had not had a leucotomy. 
In these seven patients, one of whom died in status 
epilepticus, the epilepsy seemed to bear a strong 
relationship to chlorpromazine medication. In five 
cases no spontaneous fits had been experienced by 
the patients before the onset of chlorpromazine 
medication. The operation had been performed 
one to four years previously in these patients. 

Of the seven cases with epileptic fits, six have 
been investigated by electroencephalography. In 
three of these cases it has been possible to show a 
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clear-cut epileptic focus of sharp waves and spikes 
by phase reversal arising in the frontal lobes over 
the site of leucotomy. It is postulated that the 
cortical scar, as a result of the leucotomy operation, 
is potentially epileptic and is activated by chlorpro- 
mazine. 


Case Reports 


Case 1.—R. N. C.,.a man aged 41 years, has been 
suffering from schizophrenia since 1939. A course of 
cardiazol treatment was given in 1939 without effect. 
Bilateral prefrontal leucotomy was performed on 
January 3, 1944. There were no complications after the 
operation and no epileptic fits. He had four courses of 
E.C.T. in 1949. Chlorpromazine treatment by mouth 
was given between May and July, 1954, inclusive. 

A further course of chlorpromazine treatment was 
started on October 26, 1955, with a daily dose of 200 mg., 
which was increased on October 29 to 300 mg. daily. 
He had had 900 mg. chlorpromazine when on October 
30 he experienced an epileptic fit. Neurological examina- 
tion shortly after revealed no pathological findings. 
Chlorpromazine treatment was continued after a few 
days’ rest; the daily dose was then increased to 400 mg. 
until the treatment was discontinued on February 3, 
1956. No more fits occurred. Clinical improvement was 
obtained. 

In this case the E.E.G. was recorded before the start 
of the first course of chlorpromazine treatment and again 
after the epileptic fit. It was normal on the first occasion, 
but after the fit the E.E.G. revealed well marked bilateral 
sharp wave foci by phase reversal in both frontal lobes. 
When the last record was taken he was still on chlorpro- 
mazine therapy. 


Case 2.—H. F. N., a man aged 40 years, has been 
suffering from schizophrenia since 1942. Bilateral 
prefrontal leucotomy was performed on March 6, 1944. 
There were no complications after operation and no 
epileptic fits. A good improvement resulted and he was 
discharged and was able to return to work. He was 
re-admitted in 1948 after a relapse but recovered without 
treatment and was discharged after three months in 
hospital and again started work. He was re-admitted 
in 1951 and given a course of 11 electro-shocks in the 
same year, with some improvement. A further course 
of E.C.T. was given from December 1951, to January, 
1952, with some resultant improvement. 

Chlorpromazine treatment was started on October 17, 
1955, and discontinued on February 3, 1956, after 38,000 
mg. chlorpromazine had been given by mouth. Clinically 
a good improvement resulted. However, 11 days later 
he developed a typical epileptic fit. After the fit he had 
bilateral extensor plantar reflexes. The patient has had 
no further fits. He has now started a new course of 
chlorpromazine treatment. 

An E.E.G. record taken on the same day as the fit 
revealed frequent paroxysms of high-voltage bilaterally 
synchronous 2-3 c./sec. activity, maximal frontally and 
near the midline. In addition, on the left side in the frontal 
region, in the neighbourhood of the leucotomy scar, 
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there was a frequently-firing spike focus by phage 
reversal. 


Case 3.—H. F., a man aged 37 years, has been suffering 
from schizophrenia since 1943. He was given 36 electro. 
shocks in 1950 and 1951 without improvement. A 
bilateral prefrontal leucotomy was performed on May 10, 
1952. There were no complications after the operation 
and no epileptic fits developed. Clinically there was no 
improvement. 

Chlorpromazine treatment by mouth was started on 
June 27, 1955, with a daily dose of 100 mg. increased 
gradually to 300 mg. by July 7, 1956. After a total dose 
of 1,200 mg. chlorpromazine a generalized epileptic fit 
occurred. The treatment was discontinued and he has 
had no further fits. 

An E.E.G. taken some time after chlorpromazine 
therapy had ceased was within normal limits. 


Case 4.—D. C. S., a man aged 37 years, has been 
suffering from schizophrenia since 1937. He was dis- 
charged in 1937 after ‘‘ somnifaine”’ treatment and 
readmitted in 1939 when he received 12 cardiazol treat- 
ments and was again discharged. A further admission 
was necessary in December, 1943. In 1944 he had a 
course of E.C.T. with no clinical improvement. Later 
in 1944 he had 58 insulin comas. A bilateral prefrontal 
leucotomy was performed on December 11, 1948. Four 
days after operation he had an epileptic fit and six months 
later two further fits, one of which involved the left side 
of the body only. Since then he has been on pheno- 
barbitone, gr. 1 nocte, and this dosage was maintained 
while he received chlorpromazine. Eight months later, 
in March, 1951, a further fit was observed. 

Chlorpromazine treatment was started on October 21, 
1955, with a daily dose of 100 mg. which was increased 
to 300 mg. He had had a total of 1,900 mg. after eight 
days of treatment when he had a generalized fit, starting 
in the left side. 

An E.E.G. was taken some time after the cessation of 
therapy and was within normal limits. 


Case 5.—R. D., a man aged 29 years, was suffering 
from schizophrenia when admitted in 1947. He has had 
deep insulin therapy and one course of E.C.T., without 
improvement. A prefrontal leucotomy was performed 
in July, 1952, and there were no complications. 

Chlorpromazine therapy started in January, 1956, 
and ended in May, 1956. The dosage was built up to 
150 mg. q.d.s. In April, 1956, he had a major seizure. 

An E.E.G. taken while still on therapy revealed a 
clear-cut right frontal spike focus by phase reversal. 


Case 6.—M. E. M., a woman aged 56 years, has suffered 
from schizophrenia since 1929. In December, 1947, 
she had her first epileptic fit. She was given a course of 
four electro-shocks in December 1949. A _ bilateral 
prefrontal leucotomy was performed on January 24, 
1951. There were no complications after the operation. 
However, in 1952 and 1953 she had two spontaneous 
epileptic fits. It should be noted that since 1947 she had 
been on phenobarbitone, gr. 1 twice a day, and this 
dosage was maintained during chlorpromazine treatment. 

Chlorpromazine treatment was started on March 3, 
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1956, and she was given 200 mg. daily. She had had 400 
mg. in all when on March 5 she developed status 
epilepticus. The convulsions were, however, mainly 


right-sided. The fits were impossible to control and the 
patient died 12 hours later. 


Case 7.—C. F., a woman aged 40 years, was admitted 
in 1938 suffering from schizophrenia. A course of 
cardiazol therapy was given in 1938. In 1941 a course of 
insulin treatment was given without benefit. A bilateral 
prefrontal leucotomy was performed in July, 1946. 
There were no complications after operation. A course 
of E.C.T. was given in 1951. 

Chlorpromazine therapy was started in April, 1956, 
and a dose of 50 mg. t.d.s. was reached. After 14 days 
a major fit developed and therapy was stopped. 

An E.E.G. taken 14 days later was found to be normal. 


Discussion 

The epileptic fits seemed to have no definite 
relationship either to the dosage or the duration of 
treatment. In one of the cases the fit occurred a 
few days after the treatment had been discontinued 
and after a total dose of 38,000 mg. chlorpromazine 
had been given. In the other six cases epileptic fits 
occurred during the course of treatment, often in 
the early days of medication, and in all cases, except 
in the patient who died in status epilepticus, there 
had been only one single fit, although treatment was 
continued or begun again in two cases. In two of 
the cases the fits were mainly unilateral. Lomas 
et al. (1955) suggested that chlorpromazine had 
epileptogenic properties which might lead to manifest 
fits in susceptible people. 

Our E.E.G. findings seemed to support this 
suggestion. The E.E.G. showed that the disturbance 
arose frontally and a focus of epileptic activity was 
found in one or other, or both lobes. A positive 
epileptic finding of frontal dysfunction was found 
in three patients out of six who had had an E.E.G. 
taken. This positive result was obtained while they 
were still on medication. In the remaining three 
the records were taken some time after treatment 
had stopped and were negative. It would thus seem 
that there was a direct relationship between epileptic 
activity and chlorpromazine and that chlorpromazine 
activated the cortical scar. Merlis (1955) pointed 
out that after injection of 50 mg. chlorpromazine 
the typical pattern of epileptic activity was greatly 
accentuated and frequently made worse. Mayr and 
Lechner (1954) found that a latent epileptic focus 
can be activated in temporal lobe epilepsy by giving 
chlorpromazine. They considered chlorpromazine 
in epileptic psychoses and in status epilepticus as 
being absolutely contraindicated. Dogan, Vuka- 
dinovi¢, and Longhino (1954) showed that the 
epileptic threshold to ** metrazol ” was considerably 
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lowered by chlorpromazine. Turner, Bérard, 
Turner, and Franco (1956) mentioned that in cases 
with epileptic discharges, clear activation of such 
discharges occurred with chlorpromazine, while in 
the normal records no important modifications 
occurred. They proposed chlorpromazine as a 
method of activation in some cases of epilepsy. 

It appears that chlorpromazine is definitely liable 
to produce epileptic fits, especially in patients who 
have undergone a leucotomy operation. This 
complication should be recognized and in cases of 
leucotomy we feel that anti-epileptic treatment 
should be combined with chlorpromazine therapy. 
This is important because chlorpromazine is often 
beneficial, and we suggest that the fits should be 
treated as ordinary fits and not as an indication 
for curtailing the treatment. The mechanism by 
which chlorpromazine, a tranquillizing drug, activates 
the cortical scar must remain in doubt. Perhaps, 
like sleep, it activates by lowering awareness. 


Summary 


Seven cases of epileptic fits during or immediately 
after chlorpromazine treatment are described. In 
all, 75 chronic mental hospital patients were treated 
with chlorpromazine; 21 of the patients had had a 
leucotomy performed. The epileptic fits all occurred 
in leucotomized patients. In five of the cases the 
fits occurred a few days after the treatment had 
started and in one case a few days after the treatment 
was discontinued. In two cases the fits were mainly 
unilateral. Five of the patients had not had epileptic 
fits after operation, while the remaining two had 
had no fits for a period varying from two and a half 
to four and a half years. 

One patient died in status epilepticus. 

Electroencephalographical investigations demon- 
strated that the disturbances arose frontally and a 
focus of epileptic activity was found in one or other 
or both frontal lobes. 

It is suggested that in cases of leucotomy anti- 
epileptic treatment should be combined with 
chlorpromazine treatment. 
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THE EFFECT OF INSULIN COMA AND E.C.T. ON THE THREE-YEAR 
PROGNOSIS OF SCHIZOPHRENIA 


BY 


D. M. LEIBERMAN, J. HOENIG, and I. AUERBACH 
From the Bethlem Royal and the Maudsley Hospital, London 


The evaluation of the effects of the special physical 
methods of treatment of schizophrenia—insulin coma 
and electroconvulsive therapy—requires not only an 
assessment of the short-term results but also con- 
tinued follow-up of the patients over a long period. 
Three factors in particular make assessment of the 
effects of any form of treatment in this disease 
difficult: first, the elusive character of the illness 
which defies exact definition and measurement in 
the individual patient; secondly, the variability of 
the interaction between the patient and his illness 
and the social environment; and thirdly, the tendency 
of schizophrenia to spontaneous remission. Several 
authors (David, 1954; Malamud and Render, 1939; 
Lewis, 1945) have pointed out the methodological 
shortcomings of many previous attempts to evaluate 
the results of the treatments in schizophrenia and 
have suggested reasons to account for the large 
discrepancies and even contradictions in the various 
findings. In a previous communication Hoenig, 
Leiberman, and Auerbach (1956) discussed this 
problem and attempted to overcome the difficulties 
by three measures. (1) Two groups of patients from 
the same hospital, admitted at different periods, 
that is before and after the introduction of physical 
methods of treatment, were compared. The admis- 
sion policy of the hospital had remained unchanged 
throughout. (2) The cases selected for investigation 
were all the patients suffering from schizophrenia 
admitted in the periods under investigation, who 
had been ill for not longer than one year; the two 
groups were comparable in all relevant respects. 
One group had been admitted to the Maudsley 
Hospital in the years 1934-35, the other group had 
been admitted to the combined Bethlem Royal and 
Maudsley Hospitals in 1948-50. (3) The later group 
consisted of a treated and an untreated section; this 
allowed an internal check of the significance of any 
differences found between the two main groups. 

In the previcus report referred to above (/oc. cit.) 
the results at the time of discharge after the first 
admission were assessed, and there was suggestive 
evidence that physical treatment, in particular 


insulin coma therapy, might have been effective in 


the subgroup of paranoid schizophrenic, but in | 


the subgroups of hebephrenics and catatonic and 
atypical schizophrenics, a beneficial effect could not 
be conclusively demonstrated. The present com- 
munication deals with the same group of patients 
after they have been followed up for three years. 

Appel, Myers, and Scheflen (1953) have sum- 
marized a large number of reports on the treatment 
of schizophrenia with insulin coma and electro- 
convulsion therapy. Most of these reports agree 
that after five years the results in treated and 
untreated cases are identical. 

As regards the short-term prognosis, this appears 
better in the treated groups (particularly the insulin 
coma-treated group), but the methods used in evalu- 
ating the results have rarely been properly controlled. 

The impression of Wilcox and Wilcox (1954) is 
that insulin coma therapy tends to be used less 
rather than more, in spite of the favourable results 
which continue to be reported from time to time. 
Kalinowsky (1954) is one of the few clinicians who 
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still regard convulsive therapy as the method of | 


choice in schizophrenia. It may be, therefore, that 
if the impressions of Wilcox and Wilcox are correct, 
either less physical therapy is being used for the 
treatment of schizophrenia or that Kalinowsky’s 
view gains more followers and the place of insulin 
coma is being taken by E.C.T. (Bourne, 1953). 
While this is only speculation, based on rather scanty 
data, it would serve to indicate the need for more 
exact knowledge of the comparative effects of 
different physical treatments in this disease and of 
the results of physical treatments as a whole. 


Material and Methods 

The case material is in all respects the same as 
that reported in a previous communication pub- 
lished -in this journal (Hoenig et al., 1956). Two 
groups are compared, a “test’’ group and a 
“control” group. The control group consists of 
the patients investigated and followed up _ by 
Guttmann, Mayer-Gross, and Slater (1939), and 
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INSULIN COMA AND E.C.T. IN SCHIZOPHRENIA 


are all the schizophrenics discharged from the 
Maudsley Hospital between January 1, 1943, and 
December 31, 1955. These patients had prima facie 
a favourable outlook owing to the selective admis- 
sion policy of the hospital. All patients were ex- 
cluded who were over 46 years, whose illness had 
lasted more than 12 months before admission, or in 
whom there was the slightest doubt as to the diagnosis. 

The test group consists of patients who were 
admitted for the first time as in-patients to the 
Bethlem Royal and the Maudsley Hospital between 
January 1, 1948, and December 31, 1950. It includes 
all patients suffering from schizophrenia between 
the ages of 16 and 46 years who had had no previous 
attacks and whose illness was of less than 12 months’ 
duration. The treatment of this group falls into four 
main classes: Those who were given (1) insulin 
coma therapy, (2) electroconvulsive therapy, (3) a 
combination of the two, and finally (4) those who 
had no such treatment. Over the years following 
discharge from the Bethlem Royal and Maudsley 
Hospitals, a number of patients had further treat- 
ments, either E.C.T., insulin coma, or the two 
combined. The patients were admitted under the 
care of different clinicians on the staff of the Bethlem 
Royal and Maudsley Hospital, who made the 
diagnosis and selection for treatment. 

As far as the diagnosis is concerned, this was 
scrutinized by the authors before any case was 
included in this group. Only a negligible number, 
however, had to be rejected, because of doubts 
about the accuracy of their diagnosis. The control 
and test groups are strictly comparable as far as 
the mean age, sex ratio, and duration of illness is 
concerned, but there is some difference between 
them in the relative proportions of the sub-groups 
of catatonic and atypical schizophrenia. 

It has been shown previously (Hoenig et a/., 1956) 
that there are good reasons for considering the 
groups of atypical and catatonic schizophrenics 
together since these subgroups overlap to a con- 
siderable extent. If this is done the proportions are 
comparable in the control and test groups. One 
hundred and thirty-seven patients in the control 
group are compared with 156 in the test group. 
The control group has 29:2% hebephrenic cases 
compared with 23-9% in the test group; 379% 
paranoid schizophrenic cases compared with 31-6% 
in the test group; and 32-9 % combined catatonic and 
atypical cases compared with 44:5% in the test group. 

The patients were followed up by a team of two 
psychiatrists and a _ psychiatric social worker. 
Wherever possible a clinical assessment at the time 
of the follow-up interview was made by one of the 
psychiatrists, and a relative or other informant was 
interviewed as well as the patient. In a proportion 
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of cases the psychiatric social worker visited the 
patient at home. In many cases the patients were 
visited in other mental hospitals by a member of the 
team, and in these cases information was also 
gathered from the psychiatrist in charge or from 
the case records. Some patients could only be 
reached by letter, but in all such cases confirmatory 
evidence was sought from relatives, general prac- 
titioners, and others likely to have knowledge of the 
patient’s condition. The sources of information 
were distributed in the following manner. Home 
visits by the social worker accounted for 10%, inter- 
views of the patients and their relatives for 29%, 
information from hospitals, including visits to 
hospitals 33%, and information by letter 27%. Only 
two patients were untraced. Thus in 112, or 72% 
of the 156 cases followed, expert testimony was 
available as to progress and present status. Of the 
remaining 44, the majority, 25 or 16%, were covered 
by confirmatory evidence supplied by relatives, 
friends, and general practitioners, and in only 17 
cases or 11% had we to rely on the unsupported 
testimony of patients. In addition to the comparison 
of the control and test groups as a whole, the various 
diagnostic subgroups were compared separately. 

As the test group is comprised of al/ schizophrenic 
patients admitted in the stated period, it is obvious 
that the test group also contains untreated patients, 
and this was used as an internal check, so to speak, 
by comparing the treated and untreated cases of the 
test group separately with the control group and 
also with each other. 


Classification of Results 

The classification of our results is the same as 
that used by Guttmann ef al., 1939. The following 
categories, adopted from those suggested by 
Miiller (1937), were used :— 

Total recovery denotes freedom from symptoms 
and signs, return to the previous social environment 
and to the previous or to an equivalent occupation. 

Social recovery means return to the previous social 
environment and to the previous or an equivalent 
occupation, in spite of minor signs and symptoms, 
such as irritability, shyness, shallowness of affective 
response, etc. 

Social defect indicates minor symptoms as above, 
incapacity to carry out work of the previous level 
and the patient is unable to maintain himself in the 
same degree of social adaptation. 

A family invalid is a patient with well-marked 
symptoms, unable to carry out any useful occupation, 
but manageable at home. 

A hospital invalid is an inmate of a mental 
hospital, some of them continuously since discharge 
from the Bethlem Royal and the Maudsley Hospital, 
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some relapsed after a temporary recovery. 

This classification allows the test and control 
groups to be directly compared, and has several 
advantages ior a follow-up assessment of psychiatric 
patients. It has, however, certain disadvantages 
when the short-term outcome is compared with the 
three year follow-up results, since it is impossible to 
make a direct comparison. The final classification 
in each case was the result of a collective assessment 
by the team. 


Results and Discussion 
Results of Test and Control Group Compared.—As 
Table I shows, the test group as a whole does much 
better than the control group. This trend is shown 
even more clearly when the classification of results 
is simplified into “‘ improved ”’ and “ not improved ”’ 


TABLE I 


NUMBER AND PERCENTAGE OF PATIENTS IN EACH 
CATEGORY OF wear FOR TEST AND CONTROL 
R 














OUPS 
Condition of Control Group Test Group 
Patients 3 Years ; 
after Admission Number of Patients | Number of Patients 
Total recovery 21 (15-3%) )\ Improved | 49 (31-4%) ) _— 
Social recovery 20 (146% r 60 36 (23-1 %) f 
Social defect 19 (13- 330) } (438%) 13 (83%) | (621 2 mA 
Family invalids 9 (66%) Not 10 (64%) Not 
Hospital invalids | 55 (40- 2%) improved | 44 (28:2%) | improved 
Dead 7 G&G 71 2 (1°3%) 56 
Untraced 6 (4 4%) (519%) 2 (1:3%) J (359%) 
Total 137 (100%) 156 (100%) 











The improved group includes all patients who 
achieved total recovery, social recovery, or social 
defect. The “ not improved ”’ group comprises the 
hospital and family invalids and fatalities. (The 
number of untraced cases in both the test and control 
groups is so small that it cannot affect the overall 
results.) On the face of it, these results, which are 
statistically significant (P < 0-005), appear to 
support strongly the effectiveness of the physical 
treatments. If the test group is divided into the 
treated and untreated sections (Table Ia) we find 
that the treated section has 103 patients, of whom 
71 (68-9°%) are improved as defined above, while 
the untreated section has 51 patients of whom 
27 (52:9%) fall into the improved category. Thus 
the untreated section does worse than the treated 
section, which would be eypected if the treatments 
were effective but the significance is low (P 0-05). 
With 53% improved, the untreated section of the 
test group does somewhat better than the control 
group with 43-8% improved, but this difference is 
not significant (P > 0-1). These figures seem to 
temper the first impression that the treatment is 
highly effective. Although they do not show that 
the treatment is ineffective, they make its value 
appear somewhat doubtful. The untreated section 
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TABLE la 
OVERALL RESULTS 




















All Cases 
* Test Group 
Control Group | Treated | Untreated 

| Section | Section 

Number of patients 103 | 51 
6 iiiniedd (2 untraced) 

Improved* | 438% 689% | 529% 
Not improved 519%, 31% | 8 471, 








*** Improved ” 


L _includes the categories total recovery, social recovery, 
social defect. 


* Not improved ”’ includes family and hospital invalids 
and dead. 

of the test group falls between the treated section 
and the control group. This is indeed what would 
be expected if the treatments were effective. The 
fact that the difference between the treated and 
untreated section is not very significant calls for 
further analysis. 


It was shown in the previous communication 


(Hoenig eft al., 1956) on the short-term prognosis 
of this group that the diagnostic subgroups differed 
considerably in outcome and a comparative analysis 
led to some modification of conclusions based on 
the preliminary analysis of the effects of treatment. 

The test and control groups are now subdivided 
into their diagnostic subgroups, and each subgroup 
will be dealt with separately. 

Hebephrenic Schizophrenia.—The results in this 


subgroup are shown in Table II. The close similarity [ 


between the figures in the various categories strongly 
suggests that in fact physical treatment has brought 
little or no benefit in this type of case. The control 


group has 50% improved compared with the test | 


groups 49% improved. If the treated and untreated 
sections of the test group are compared, it will be 
seen that the treated section does better (54% 
improved) and the untreated section correspondingly 
worse (46% improved), a result probably due -‘ 
chance selection of cases. 

Paranoid Schizophrenia.—Table Il shows that this 
subgroup behaves in a similar manner to the pre- 
ceding one. The difference between the control and 
test groups is slightly in favour of the test group, 
50% improved of the control being compared with 
54% improved of the test group. This difference, 
however, is small and not significant. There is no 
sign of any difference between the treated and the 
untreated sections. It would be reasonable to 
conclude that treatment has made no significant 
contribution to the outcome here. 

Catatonic and Atypical Schizophrenia.—Here the 
results in the test group are very much superior to 
those in the control group, 77% showing improve- 
ment (Table II) compared with 37% (P< 0-001). 
The treated section has an even better outcome with 
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| Number of patients 38 26 | il 


© Not improved (%) 50 46 55 


or else other factors are responsible. 
+ will be discussed later. 


INSULIN COMA AND E.C.T. IN SCHIZOPHRENIA 


TABLE II 
RESULTS IN CONTROL AND TEST GROUPS COMPARED 





Hebephrenia | 


Combined Catatonia 


Paranoid Schizophrenia and 
Atypical Schizophrenia 





Test Group | 
Control 
Group Treated | Untreated | 





Control 
Group 


Test Group Test Group 
Control 


Treated | Untreated Group 








Treated Untreated 





(2 untraced) 
50 


Improved (%) | aa ee 





| 
| 
| 
| 


50 
(2 untraced) 
50 


oe 17 | 43 ai eS 
(2 untraced) |(2untraced) 
a a 37 87 57 


50 45 | 47 63 2 | 4 














87% improved, while the untreated section with 
57° improved shows an advantage over the control 
group, but not a significant one (P > 0-1). We must 
conclude, therefore, either that the treatments given 
are highly effective in this particular subgroup, 
This point 


Effect of Subsequent Treatment on Outcome.—The 
analysis of results so far presented only refers to the 
treatment received on the first admission. Many 
of the patients received treatment subsequently in 
the course of the three years of follow-up. A detailed 


table is not presented since it was found that the 
) effect on the group as a whole was not significant. 


A tendency within the test group became apparent 
for the patients with an unsatisfactory outcome to 


) change over from the untreated section to the treated 


section, relatively worsening the results of the treated 
section and correspondingly improving those of the 
untreated section. 

Evaluation of Effectiveness of Different Treat- 


) ments.—Table III analyses the response of patients 


in the different diagnostic categories to various 
physical treatments and compares treated and un- 
treated patients in the test group. The numbers in 
each category and each treatment group are small, 
but the general results are clear. There is no signi- 
ficant difference between treated and untreated 
patients in the paranoid and hebephrenic subgroups 
nor between the different types of treatment. 

The catatonic and atypical subgroup shows a 
significant difference between the total treated and 
untreated sections (P < 0-01) and between the insulin 


coma-treated and the untreated sections (P <0-02) 
but the differences between the E.C.T. section, the 
combined treatment section, and the untreated 
section are not significant. For example, the results 
of cases treated by E.C.T. versus untreated cases 
gave P >0-1 and cases of combined treatment versus 
untreated cases gave P>0O-05. Between the cases 
treated with insulin coma and those treated with 
E.C.T., the difference is not significant (P >0-5), 
so that, while insulin coma is significantly effective 
compared with no treatment, it is not possible to 
evaluate the relative merits of the different treat- 
ments with respect to each other. The small numbers 
do not permit us to state definitely that there is a 
difference in effectiveness between insulin coma and 
E.C.T., though the evidence is suggestive. 

Number of Comas.—lIt has been stated (Mayer- 
Gross, Slater, and Roth, 1954; Kalinowsky and 
Hoch, 1952) that a minimum of 30 to 50 comas is 
required to produce the maximum therapeutic effect. 
We have therefore examined our group as to the 
number of comas in relation to outcome. If the 
patients are divided into those given more or less 
than 40 comas the outcome in the two groups does 
not seem very different. 

The 40+ group shows 68-8°% improved, the 
—40 group 77:6%. Furthermore, if the number of 
comas are compared according to outcome we do 
not find that the groups with better results had more 
comas. The figures are: Total recovery 33, social 
recovery 23, social defect 39, family invalids 42, 
and hospital invalids 32. If each treatment year is 
analysed separately it is found that although the 


TABLE III 


COMPARISON OF RESULTS OF DIFFERENT FORMS OF PHYSICAL TREATMENT 
: AND NONE OWN FIRST ADMISSION 





Insulin Coma 


| Combined 
Insulin Coma 
and E.C.T. 


No Treatment 





Hebephrenia Improved | 


Not improved 


4 
— 





Improved 
| Not improved 


Paranoid schizophrenia 


12 


10 


| E.C.T.* 
| 
| 


re 
| 


-2 untraced 





Catatonia and atypical schizophrenia | Improved 


| Not improved 


19 | : 2 untraced 


2 } } 





*Average n«mber of E.C.T. treatments was 8 +2°3. 





112 





outcome in each year does not alter much the num- 
ber of comas does. In 1948 it was 37 comas 
(+12:7), in 1949 it was 30-9 comas (+7-6), and in 
1950 33-6 comas (+7°8). 

We are aware that some authorities insist that the 
number of comas must be even more than 50. 
Certainly this investigation cannot answer this 
question. The results described in this report are 
only valid if the treatment is carried out in the form 
described above. Since many insulin treatment 
units do in fact follow a similar policy we hope that 
our findings will have relevance to others. 

Degree of Invalidism in the Two Groups.—It has 
been stated that insulin coma and electroconvulsive 
therapy, although not producing more “ cures”’, 
still have a beneficial effect in enabling the patient 
to remain at work, or at least in keeping him out 
of hospital. Three years after admission to hospital 
the control group had spent an average of 1-5 years 
in hospital (S.D.—12-2 months). The figure for the 
test group is one year (S.D.=—11:7 months). The 
difference is highly significant. If the test group is 
broken down into the treated and untreated sections 
we find that the two sections do equally well. The 
figures for the treated section are one year (S.D. 
10-5 months) and for the untreated section also one 
year (S.D. 11-7 months). It cannot, therefore, be 
confirmed that treatment as such is responsible for 
the difference between the control and test groups. 
Other factors must have been operative in the 
years 1948-51 to cause patients to leave hospital 
earlier than they did in the years 1934-35. 

Duration of Illness and Outcome.—We investi- 
gated whether the duration of the illness before the 
patient entered hospital had any effect on the out- 
come. Both the control and test groups show a 
better outcome the earlier the patient entered hos- 
pital. Forty-nine per cent of the control group ill for 
up to three months were improved after three years, 
45% of those ill from four to six months, and 41% 
of those ill from seven to 12 months. In the test 
group 78% of those ill for up to three months were 
improved at the time of follow-up, 54% of those ill 
from four to six months, and 51% of those ill from 
seven to 12 months. A similar tendency is shown 
both in the treated and untreated sections. For 
example, of those ill up to three months, 85% of the 
treated and 61% of the untreated were improved, 
and 58% of the treated and 39°%% of the untreated in 
the group ill for seven to 12 months. The patients 
given one or other of the physical treatments seem 
to have some advantage at all stages of the illness 
up to 12 months. It is also noticeable that the un- 
treated section of the test group does rather better 
than the control group, suggesting again that a non- 
specific factor may partly be responsible. 
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Assessment of Results 
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From the foregoing analysis it seems that, although - 
hebephrenic and paranoid schizophrenics do not separa 
show any improvement three years after admission consid 
to hospital when treated with physical methods, § this i 
there appears to be a significant improvement in the (Reid, 
results of the catatonic and atypical types of schizo. it has 
phrenia. As treatment is purely empirical, conclu- group 
sions must be cautious, and it might well be that & aij ot! 
other factors could contribute to the superior results F js sep 
in these groups. It has been previously shown that Ff 
several factors may affect prognosis, for example, 
age, sex, duration of illness, but in all these respects In « 
at least the two groups are similar. The possibility group 
of a better prognosis for the test group as a whole §§ the te 
has been commented on in the previous paper time) 
(Hoenig et al., 1956). The authors showed there B much 
that as far as perusal of the clinical reports could F admit 
settle the matter, the type and severity of the illness F) ment: 
in the two groups were very similar. If other factors F givid 
were operative they are more difficult to assess; they pared 
could be constitutional influences or environmental F of th 
influences, e.g., socia! background, home conditions, phrer 
or family relationships, which this investigation has } penet 
not taken into account. ; empl 
Yet other influences of a more subtle character F were 
may be responsible for the differences in outcome Ff) chan 
of two groups which have passed through the hos- f) differ 
pital separated in time by 10 to 12 years. Such F left } 
factors could include, e.g., growth of therapeutic ) into 
optimism, or a more intensive general concern with ¥ para’ 
the patient due to alterations in the ratios of doctors ; tage 
and nurses to patients which are known to have FF jg, ti 
improved. In the Bethlem Royal and Maudsley adva 
Hospital the number of doctors has increased The 
markedly since 1938, and so has the number of | atyp 
auxiliary workers such as psychiatric social workers, |} tage 
psychologists, occupational therapists, etc. This § grou 
increase means that the individual patient has an outc 





environment which should make him feel (rightly 



















a 
or wrongly) that he is receiving more interest, and - 
is the centre of more attention. host 

Another possible explanation of the observed in b 
differences between the test and control groups is ff gro 
that the illness has changed in the course of the The 
years (Bourne, 1953). Other possible factors are the 
suggested by the work of Crandell, Zubin, Mettler, mer 
and Logan (1954), who have observed that the — that 
“mobility” of the patient in and out of hospital, — whe 
ie., the number of leaves and “ trials ’’ correlate (Ch 
highly with prognosis, and it is likely that the too 
Bethlem Royal and the Maudsley Hospital results terr 
also reflect this change towards increased mobility. of t 
It is a fact that the test group as a whole spent signifi- T 
cantly less time in hospital than the control group. sug 

However this may be, it is quite clear that possible cer: 
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changes in prognosis due to differences in the en- 
vironment and in the composition of temporally 
separated groups of patients have to be taken into 
consideration when planning therapeutic trials. 
This is well known in relation to other illnesses 
(Reid, 1954). As far as schizophrenia is concerned, 
it has hitherto been too readily assumed that a 
group of patients, if it is similar in composition in 
all other respects, can serve as controls although it 
his separatcd in time from the group under test. 


Conclusion 

In comparing the short-term outcome of our two 
) groups of schizophrenic patients, it was found that 
the test group which was admitted to hospital at a 
time when physical treatments were freely used did 
' much better than the control group which was 
admitted 10 or 12 years earlier when these treat- 
| ments were not in use. When the two groups were 
divided into diagnostic subgroups and then com- 
pared, using as an internal check the untreated part 
of the test group, it was only the paranoid schizo- 
phrenic subgroup which showed evidence of 
' benefit from the physical methods of treatment 
employed (Hoenig et al., 1956). When the two groups 
were followed up over a period of three years they 
) changed little relatively to each other, and the 
differences which existed between them when they 
) left hospital were more or less maintained. Divided 
) into diagnostic subgroups, the hebephrenic and 
| paranoid schizophrenics show no apparent advan- 
> tage from physical treatment after three years, that 
is, the paranoid schizophrenic group lost all the 
advantages it had at the time of leaving hospital. 
The physically treated section of the catatonic and 
atypical schizophrenics, however, shows an advan- 
tage over the untreated section and over the control 
group. If a comparison is made with the early 
outcome in this group as reported in the previous 
paper (Hoenig et a/., 1956), it is seen that this group 
showed a high degree of improvement on leaving 
hospital. Since this short-term improvement is seen 
in both the treated and untreated sections of the test 
group, it could not be attributed to the treatments. 
The follow-up results seem to indicate that while 
the treated section is holding the initial improve- 
ment the untreated secticn has got worse. The fact 
that it is the catatonic and atypical schizophrenics 
who show the best spontaneous remission rates 
(Cheney and Drewry, 1938) might caution against 
too optimistic an assessment of the outcome in 
terms of the superiority of any particular method 
of treatment. 

The evidence here is, unfortunately, no more than 
Suggestive that physical treatment is effective in 
certain types of this unpleasant illness. Considering 
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the many difficulties which beset this type of investi- 
gation, even a slightly positive finding must carry 
weight, and until some more rational and effective 
therapy is discovered, insulin coma and convulsion 
therapy must continue to be the basis of treatment. 

As far as the type of treatment is concerned, the 
suggestion is that insulin coma is superior to E.C.T. 
(average number of treatments = 8) though the 
superiority is not marked. Not surprisingly, com- 
bined treatment falls between the two, as it is mainly 
used in cases not responding well to insulin coma 
alone. 

Summary 

The clinical outcome, three years after admission, 
of a group of schizophrenic patients who entered the 
Bethlem Royal and Maudsley Hospital between 
1948 and 1950, is compared with that in a similar 
group admitted to the Maudsley Hospital between 
1934 and 1935. 

The two groups are comparable in all relevant 
respects and consist entirely of patients whose illness 
is of less than 12 months’ duration. A proportion 
of the patients in the 1948/1950 group received treat- 
ment by insulin coma, E.C.T., or combined therapy. 
The remainder had non-specific treatment. 

The 1948/50 group (particularly the catatonic 
and atypical subgroup) did better than the 1934/35 
group, and analysis suggests that this favourable 
result can possibly, but not certainly, be attributed 
to the special physical methods of treatment. 

Other possible explanations for the different out- 
come in the two groups are discussed. 

The necessity for a controlled therapeutic trial of 
physical treatments in schizophrenia is once again 
demonstrated. 


We would like to thank Professor Aubrey J. Lewis for 
permission to carry out this investigation, and Dr. Eliot 
Slater for helpful criticism and advice. The protocols of 
the control group were made available to us through the 
kindness of Dr. W. Mayer-Gross and Dr. Eliot Slater. 
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It has frequently been observed that patients with 
schizophrenia are more tolerant of the effects of 
histamine than are normal people (Hill, 1940; 
Hoch, 1952; Lucy, 1954; Rouleau, Delage, Bouchard, 
Coulombe, and Nadeau, 1954). For example, 
Lucy (1954) gave 28 mg. of histamine base to a 
schizophrenic patient—a dose four times as great 
as any previously recorded—and there were no 
side-effects other than a fall in blood pressure. 
This increased tolerance may be related to the 
general lack of responsiveness to biochemical stimuli 
shown by schizophrenics or it may indicate some 
abnormality of the metabolism of histamine. Adam 
(1950) concluded that information about the role 
of histamine in the pathogenesis of disease might 
be obtained by investigating the excretion of free 
histamine in the urine. The present work was 
undertaken to determine whether an abnormal 
metabolism of histamine in schizophrenia could be 
demonstrated by this means. 


Methods and Procedure 


Free histamine was extracted from urine by a chromato- 
graphic method in which histamine is adsorbed on a 
cation exchange column and subsequently eluted and 
dried (Roberts and Adam, 1950). The extracted histamine 
is concentrated by taking it up in a smaller volume 
than that of the original urine, and assayed biologically 
on a strip of guinea-pig’s ileum suspended in a bath of 
atropinized Tyrode solution. In preliminary tests using 
this method, 63-4% + 2-8 of histamine added to urine 
was recovered, a rate similar to that of 67%+4 1:1 
reported by Roberts and Adam (1950). This recovery 
rate of approximately two-thirds is a characteristic of 
the method and a correction factor can be applied if 
necessary. All the values for histamine in this paper 
are uncorrected and are expressed in terms of the free 
base, unless otherwise stated. 

A modified form of the histamine excretion test 
described by one of us (Mitchell, 1956a) was used in 
the investigation. The subject fasted for at least 10 hours 
before the test began, and throughout its duration, only 
water being allowed by mouth. At 8 a.m. the bladder 
was emptied and the urine discarded. At 10 a.m. urine 
was passed into a bottle containing a few millilitres of 
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2N HCl. During the next two hours, histamine acid " 
phosphate was injected subcutaneously, the total doe i 
of 20 ug. per kg. of body weight being divided into fou §}——— H 
equal injections, which were given at intervals of hal ¥ 
an hour (at 10, 10.30, 11, and 11.30 a.m.). At 12 noon, 
urine was again collected, thus giving two two-hour 
samples for the extraction of histamine. 

Sixteen male patients with schizophrenia were tested t 
during the investigation. Their ages ranged from |i § 
to 54 years and the duration of the illness was from two F} ——~— 
to 19 years. All had been under observation for at leas: & 
two years and in every case several psychiatrists had H ee 
concurred in the diagnosis. The group comprised patients f) 
with hebephrenic, catatonic, paranoid, and simple types F The 
of schizophrenia. All showed the typical schizophrenic 
thought disorder and at some time all had shown the §) "°°! 
more florid signs and symptoms, such as delusions, ff signif 
hallucinations, excitement, and stupor. At the time of — histat 
the investigation, however, some were listless, apathetic, F) indic 
and asocial. F schiz 

The modified histamine excretion test outlined above F) that. 
was carried out on nine of the patients and on nine healthy F) geno 
men, aged from 31 to 46 years. It was noteworthy that to m 
the patients made no complaint and only local wealing d 
was observed as a result of the histamine injections, pear 
whereas the healthy men experienced headache and § tk 
flushing. case 

In a second series of experiments, the excretion test free 
was Carried out on five more of the patients with schizo- §@ first 
phrenia, using a total dose of histamine acid phosphate §§ beir 
of 10 yg. per kg. instead of 20ug. per kg. as used in the by | 
first series. Half an hour before the first injection (at [) the 
9.30 a.m.) the patient was given an oral dose of the diff 
histaminase-inhibiting drug, aminoguanidine bicarbonate, of" 
10 mg. being given per kg. of body weight. 

Finally, histamine excretion tests were made on two 
further patients but instead of four injections of histamine ie 





during the second two-hour period, a single injection of 
2-5 mg. of histamine acid phosphate was given at 10 a.m. 
in each case, this dose representing 47 yg. and 34 yg. 
per kg. respectively. 

In every instance, extraction of free histamine from 
the urine was completed on the day the clinical test was 
carried out. To eliminate any possible bias, one of us 
conducted the clinical tests and did not know the results 
of the assays until the investigation was completed; 
the other extracted and assayed the histamine without 
knowing the source of the urine sample. 
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TABLE I 


‘EFFECT OF SUBCUTANEOUS INJECTION OF HISTAMINE ACID PHOSPHATE ON EXCRETION OF FREE HISTAMINE IN 
URINE OF SCHIZOPHRENICS AND OF HEALTHY MEN 





Total Dose of Hista- | Free Histamine in Urine (ug.) 


mine Acid Phosphate 
Injected during Period 
II (mg.) 


Extra Free Histamine Ex- 

creted in Period II as 

Percentage of Dose In- 
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Subjects | 
Period I | 
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Results 
The results of the first series of experiments are 
recorded in Table I. It can be seen that there is no 
significant difference between the mean doses of 
histamine acid phosphate for the two groups, 


. p> indicating that the mean body weight of the nine 


) schizophrenic patients was virtually the same as 
) that of the nine healthy men. This close correspon- 


' fF) dence was fortuitous, because no attempt was made 


to match the subjects by weight, and selection was 
made on no other basis than clinical suitability 
in the case of the patients and convenience in the 
case of the healthy volunteers. The mean amount of 
free histamine excreted by the patients during the 
first period of two hours was 0°76 yug., the range 
being from 0-44 to 1:24 wg. The amounts excreted 
} by the healthy men ranged from 0°43 to 1°35 ug., 
) the mean value being 0°82 »g. There is no significant 
» difference between these two series and the ranges 
of values are similar to those found previously for 


the basal excretion of free histamine by healthy 
men (Mitchell and Code, 1954; Mitchell, 1956a). 

The amount of extra free histamine excreted 
during period II as a result of the injections was 
estimated by subtracting the value for period I 
from that for period II. The mean amount excreted 
by the schizophrenic patients was 2°71 yg., while that 
excreted by the healthy men was 3-28 »g. When 


the values are multiplied by a7 (to correct for loss 


by the method) and converted to terms of histamine 
acid phosphate (assuming that this contains 36-16% 
of the base) they can be expressed as a percentage 
of the total dose of histamine acid phosphate 
injected. Calculated in this way, the mean per- 
centage of the dose excreted by the patients was 
0:93% and by the healthy men was 1-:08%. The 
difference between these mean values is not statistic- 
ally significant (P = 0-4) nor do they differ signific- 
antly from the mean value of 0-96% found in 12 


TABLE Il 


EFFECT OF DOSES OF AMINOGUANIDINE BICARBONATE ON EXCRETION OF HISTAMINE INJECTED SUBCUTANEOUSLY 
INTO SCHIZOPHRENICS 





Total Dose of Histe- Dose of Amino- 


Free Histamine in Urine (ug.) Extra Free Histamine Ex- 





mine Acid Phosphate 
Injected during 
Period II 


| guanidine Given Orally 


Patient at 9.30 


| 


creted in Period Ii as 
Percentage of Dose In- 
jected 


Period I 
8-10 a.m. 


Period II 
10 a.m.-12 noon 





{ 


0-48 
0-75 
0-22 
0-56 
1-00 





0-60 
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histamine excretion tests on other healthy men, 
with doses of histamine acid phosphate ranging 
from 5 to 20 yg. per kg. (Mitchell, 1956a). 

When the histamine was injected as a large single 
dose the proportion excreted was essentially the 
same. The two patients given 2:5 mg. of histamine 
acid phosphate excreted 7:23 and 4-77 ug. of extra 
free histamine during period II, representing 
respectively 1-26% and 0-83% of the dose injected. 

The results of the experiments with aminoguani- 
dine are shown in Table II. When aminoguanidine 
was given before the histamine injections, the mean 
percentage of the dose excreted as free histamine 
was 2-68, a mean value similar to that of 3-05% 
found in similar tests on healthy men (Mitchell, 
1956b). 


Discussion 


The physiopathology of the schizophrenias has 
been intensively studied over many years in the 
search for an organic basis for these disorders. 
The high incidence during adolescence and at the 
menopause suggests that the endocrine system is 
involved, but, although the association of endocrine 
disease and schizophrenia has often been reported, 
no consistent relationship has been established. 
Therapeutic administration of every conceivable 
gland preparation has been tried without success 
and many biologically active substances, such as 
acetyl choline and histamine, have been used with 
conflicting results. 

Metabolic studies have been similarly un- 
productive and a review by Hoskins (1946) of his 
own and other authors’ work in this field revealed 
very little of aetiological significance. A notable 
exception is the demonstration by Gjessing (1935, 
1947) that there is a disturbance of nitrogen meta- 
bolism in periodic catatonia. This condition, 
however, probably accounts for less than 2% of all 
cases of schizophrenia. The only constant finding 
has been that the schizophrenic patient is less 
responsive to stimuli such as heat, cold, thyroid 
extract, insulin, and adrenaline. In =e case of 
histamine the lack of response has escribed 

s “ staggering ’’ (Lucy, 1954), tolerance of doses 
in excess of 20 mg. of histamine base being common- 
place. Lucy’s work shows that this abnormal 
tolerance of histamine increases with the duration 
of the illness, and he concludes that on the available 
evidence it appears to be a non-specific reaction. 

Our experiments indicate that the pattern of 
histamine metabolism in schizophrenia does not 
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differ from the normal. The basal excretion of fry 
histamine in the urine of the schizophrenic maf 
was similar to that of the healthy men, indicating 
that the usual amounts of histamine were being 
liberated from the tissues into the blood stream, 














































The schizophrenic patients excreted injected hist,. l 
mine normally, and the fact that the proportion ¢ 

the dose excreted increased by the expected amouy 

when histaminase was inhibited by aminoguanidin 
suggests that there was no disturbance of histaminag 
activity. 

It appears probable therefore that the increaseij 
tolerance of histamine shown in schizophrenia j 
simply a manifestation of a general lack of responsive The 
ness rather than a specific metabolic defect. 5 chara 

corre: 
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men with schizophrenia, before and after the subf meni 
cutaneous injection of histamine. . 
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When the histaminase-inhibiting drug, amino-— to th 
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No abnormality of histamine metabolism has Bini 
therefore been found in Sehizophrenia, and ith to p 
appears that the increased tolerance of histamine) T 
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INFANTILE CEREBRAL GLIOSIS WITH GIANT NERVE CELLS 
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From the Department of Neuropathology, the Fountain Hospital, Tooting, London 


The usual form of congenital cerebral gliosis is 
» characterized by induration and shrinkage of gyri and 
» corresponding dilatation of the sulci.. The shrinkage 
» in each gyrus appears to be greater from side to side 
) than from above downwards so that in severe cases 
) the affected area is often walnut-like after the 
meninges are stripped. Histologically, there is 
neuronal loss and widespread fibrous and cellular 
gliosis. This is usually most marked in the marginal 


‘)) layer but may also be conspicuous in one of the 


deeper laminae, particularly the third. ‘* Ulegyria ”’, 
a term signifying scarring of gyri, is generally applied 
to this condition. Its clinical features depend on the 
extent and localization of the lesion, and it is usually 
' found in patients with varying degrees of mental 
» retardation, microcephaly, motor disability, and 

epilepsy. In most of these there is no definite 
> clinical or morphological evidence of a tendency 
to progress. 

The object of this communication is to present 
three patients illustrating a somewhat different type 
of ulegyria. Of these two had come to necropsy 
and were examined pathologically. The third is still 
alive. In the two cases coming to necropsy wasting 
of the affected area was uniform. Although some- 
what reduced in size, gyri tended to retain their 
usual outlines and contiguity, while the sulci were 
not unduly wide. The abnormality was not very 
obvious on inspection of the brain. Palpation was 
more useful, the affected area being very hard. 
Histologically there was marked loss of nerve cells 
and glial hyperplasia, most marked in the superficial 
cortical layers. Fibrous gliosis was diffuse in one 
case. In the second it was stratified and particularly 
conspicuous in the marginal and middle cortical 
layers. A striking morphological feature was the 
presence of large, irregularly shaped nerve cells 
with stout and tortuous processes. Many of the 
hyperplastic glial cells were also atypical. As in 
so many other cases of gross idiocy it was difficult 
to determine whether there was any clinical evidence 
of a progressive brain lesion. The head circumference 
was somewhat reduced in all three cases. They 


i 
suffered from severe paralysis and severe intractabje 
epilepsy. 

Case 1 

The patient was an illegitimate child of a woman aged 
38 who had had four healthy older children by another 
father. The maternal grandparents were alive and well. 
The mother had tuberculosis of the knee, but pregnancy 
and confinement were normal. Nothing is known of the 
father and his family. The patient weighed 3.9 kg. and 
appeared normal at birth. 

Convulsions began at 2 months and were very frequent, 
the patient having up to 30 major and minor fits a day. 
These always started with twitching of the right eye, 
spreading to the right side and then to the rest of the body. 
She was admitted to hospital at 44 months when increased 
tone and diminished power were noted in her right arm. 
The blood and C.S.F. findings were norm.l. An air 
encephalogram showed a well filled ventricular system, 
the left lateral ventricle being smaller than the right. 
An E.E.G. report read as follows: “It is difficult to 
distinguish purely epileptic activity from the normal at 
this age, but it is largely confined to the left side being 
of a character which would in later years be associated 
with idiopathic epilepsy. The possibility of an organic 
lesion can certainly not be ruled out.” 

Frequent fits continued in spite of heavy sedation and, 
in view of the possible presence of an epileptogenic 
lesion, it was decided to operate, the left frontal lobe 
being excised when the child was 74 months old. 

The excised material was embedded in paraffin. Some 
sections showed no abnormality, others presented slight 
focal proliferation of glial cells. A few of the nerve cells 
seemed irregular in shape and stained unevenly. Inter- 
pretation of these changes was difficult on account of 
widespread oedema, haemorrhages, and maceration 
produced by surgical handling, and the irregular shrinkage 
which is often seen in paraffin-embedded, freshly excised 
brain tissue. There was certainly no evidetice of the 
striking abnormality found later at necropsy in the 
remaining part of the hemisphere. 

The operation had only a transiently beneficial effect 
upon the fits. Their frequency was later somewhat 
reduced by “ epanutin”’, but this was discontinued on 
account of increasing leucopenia. Some months after 
the operation there was flaccid paralysis of the right 
limbs, right facial palsy, and gross retardation of mental 
development. 
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At the age of 2 she was admitted to the Fountain 
Hospital. At that time she had persistent twitching of the 
right facial muscles, the pupils were small and reacted 
sluggishly to light. The right arm and leg were spastic 
and the right plantar response extensor. She failed to 
respond to visual or auditory stimuli, made no articulate 
sounds and was unable to lift her head off the pillow. 
She died from bronchopneumonia at 2 years and 3 
months, 20 months after the operation. 


Necropsy Report of Case 1 

Necropsy was performed 12 hours after death. 

A healed scar was seen over the left frontal and parietal 
bones. The only other significant findings, apart from 
those in the nervous system, were in the lungs, which 
showed areas of lobular collapse, emphysema, and early 
bronchopneumonia. This was confirmed histologically. 
There was widespread alveolar collapse alternating with 
areas of inhalation pneumonia in which alveoli were 
filled with macrophages containing globules and granules 
of albuminous and fatty material. Many bronchioles 
were occluded by casts of desquamated epithelium and 
mucus and these casts extended, in some places, down 
into the alveoli. Other areas showed infiltration with 
inflammatory cells, chiefly polymorphs, and many 
alveoli were filled with clear homogeneous albuminous 
material. 


Central Nervous System.—The brain without the 
surgically removed portion weighed 945 g. The line of 
excision was at the level of the olfactory bulb upon 
the orbital surface reaching the inferior frontal gyrus 
0-5 cm. in front of the Sylvian fissure. It then curved 
upward and forward towards the frontal pole. Anteriorly, 
the cut surface was funnel-shaped with its centre drawn 
deeply inwards and communicating by a small opening 
with the tip of the anterior horn of the lateral ventricle. 
The whole agranular orbital cortex appeared to be 
spared and cortical loss on the convexity was confined 
to areas 9, 10, 46, and 45. 

Considerable induration was present in the left hemi- 
sphere, the consistency of the right being normal. There 
was much discoloration of the cortex on the left side 
and demarcation between it and the subjacent white 
matter was absent. The anterior portion of the left 
centrum semiovale was somewhat friable and granular. 


Histological Examination in Case 1 

Coronal blocks of the frontal, parietal, temporal, and 
occipital lobes of both hemispheres, of the cerebellum, 
and of representative levels of the brain-stem arid spinal 
cord were embedded in celloidin. Other blocks were 
embedded in paraffin and frozen material was also used 
as required. The customary general and neurological 
stains and impregnation methods were employed in the 
preparation of sections. 

The most striking change was the presence of dense 
fibrous gliosis in the left cerebral hemisphere and its 
absence in the right. It was most marked anteriorly 
immediately at and behind the operation scar, diminishing 
steadily posteriorly, without, however, disappearing 
entirely. Fibrous gliosis affected, chiefly, the cortex and 
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Fic. 1.—Numerous abnormally orientated giant cells. 
nervous and others glial in origin. Cresyl violet » 


Some are 
200. 


Fic. 2.—Many atypical glial cells and one giant nerve cell. 
violet x 200. 
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Fic. 3.—Atypical giant glial cells and some nerve cells. Cresyl violet 


Fic. 4.—A, area 17 of the left hemisphere, and B, the same area of the right hemisphere. Cresyl violet x 50 











120 


extended for a variable distance into the subjacent white 
matter. Cortical lamination was disrupted and totally 
unrecognizable in the worst areas. Nerve cells were 
reduced in number, those remaining showing many 
changes, the commonest being shrinking with pyknosis 
of both cytoplasm and nucleus or, by contrast, enlarge- 
ment with distortion of the cell outlines and formation 
of giant cells (Fig. 1). Many of the latter were orientated 
at unusual angles. Bielschowsky preparations showed 
neurofibrils in a few cells. These fibrils were broken up 
into minute argyrophilic granules in some other cells. 
In most cells they were only discernible at the attachments 
of the axons and dendrites. But most of the cells were 
glial. Their structure varied greatly, in a manner defying 
brief description (Fig. 2 and 3). Many were protoplasmic 
with large irregular or oval bodies and vesicular or 
kidney-shaped nuclei. Some glial cells were as large or 
larger than the giant nerve cells and it was often impossible 
to distinguish between the two kinds of cells, although 
the former were, as a rule, paler with more distinct cell 
outlines and nuclear details. Another notable feature was 
the presence of many syncytial cells, “ gliarasen”’, 
especially in the more superficial layers of the cortex, 
in the white matter, and in the basal ganglia. Minute 
granules of sudanophil material were seen in some of the 
glial and nerve cells while larger particles of neutral fat 
were present around occasional blood vessels and in the 
endothelial cells of some capillaries. A few round or 
oval granules of amorphous calcified material were also 
present near blood vessels in some areas. 

Changes in the more posterior parts of the left hemi- 
sphere were similar but less marked. Here the cortical 
lamination was better preserved but the abnormality 
was recognized by the presence of single or focal collec- 
tions of abnormal cells and fibrous gliosis. There was, 
in addition, a reduction in the density of the nerve cells, 
particularly in the superficial layers. 

The hippocampus showed some marginal fibrous 
gliosis, which was also present in all other parts of the 
brain, and fibrous gliosis of the white matter. There was 
no detectable loss of nerve cells in the Ammon’s horn. 

The myelin of the white matter was well preserved 
posteriorly, but there was considerable demyelination 
in the anterior part of the centrum semiovale with fibrous 
gliosis and proliferation of large glial cells, particularly 
of the “ gliarasen”’ type. These were also conspicuous 
in the left basal ganglia which were severely affected 
and showed almost total disappearance of nerve cells 
in all their constituent nuclei. 

Changes in the right hemisphere bore a totally different 
character. Cortical lamination was preserved everywhere, 
albeit rather indistinctly in certain areas. The density 
of the nerve cells was reduced uniformly in layers II 
and III (Fig. 4), and patchily in the infragranular cnes. 
There was a moderate increase in the number of astrocytes 
and microglia in the molecular layer. Many nerve cells 
showed, like the surviving ones in the opposite hemisphere, 
central chromatolysis and homogenizing change. Mar- 
ginal fibrous gliosis was also present. Giant nerve cells 
were absent. The white matter showed some fibrous 
gliosis without demyelination in all areas except the 
more anterior portion of the centrum semiovale, where 
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Fic. 5.—Fibrous gliosis in left peduncle of the mid-brain. Holzer 
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it was accompanied by some demyelination. The nuck 
of the basal ganglia were also well preserved, and fibrous 
gliosis was present only in the external capsule and the 
area between the amygdaloid and striate nuclei.’ A 
number of Alzheimer type I cells were present in the 
globus pallidus. 

Dense fibrous gliosis was present in the white matter 
of the cerebellum. There was also a slight reduction in 
the number of Purkinje cells and in the density of the 
granular layer. 

The left cortico-spinal tract showed lack of myelination 
throughout its entire length in the midbrain, pons, 
medulla, and opposite lateral column of the spinal cord. 
There was also diffuse fibrous gliosis affecting the whole 
of the brain-stem and this was most marked in areas 
corresponding to the left pyramidal tract (Fig. 5), as 
well as around blood vessels and the gray matter of the 
spinal cord. 



















Case 2 

This girl was a first child, born after a normal pregnancy 
and confinement. The family history was negative. 
She was diplegic and started having fits soon after birth. 
These were described as beginning in the right hand and 
spreading to the whole body. She had left facial palsy 
and generalized hypertonia with exaggerated reflexes of 
all limbs. The head circumference was 39-9 cm. Tapping 
for subdural haematoma proved fruitless; the C.S.F. 
was normal and the blood calcium level not raised. 

A year later she was admitted twice to hospital within 
two months for pneumonia. At that time it was plain 
that she was mentally retarded. 

At 22 months she was admitted to the Fountain 
Hospital. She was then an inert, fat child with a head 
circumference of 43:2 cm. and mid-thoracic scoliosis. 
She had an inconstant divergent squint, moderate general 
spasticity with increased tendon jerks, absent abdominal 
reflexes, extensor plantar responses, and left ankle 
clonus. Her vision and hearing were doubtful. She had 
many fits every day, not relieved by drugs. She remained 
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unaware of her surroundings, lying flat on her back 
and making few movements. She was thought to be of 
| idiot mental level. 
' She developed respiratory difficulties soon after 
admission. Fits continued unabated and her feeding was 
) very difficult. She had frequent cyanotic attacks and 
: died from bronchopneumonia ai 2 years. 


Post-mortem Examination in Case 2 
The body was that of an underdeveloped girl (height 
85 cm., weight 9-0 kg.), showing generalized wasting 
| and marked scoliosis. The only other significant somatic 
finding was patchy consolidation of the lungs presenting 
bronchopneumonic changes on microscopical examina- 
tion. 


Central Nervous System.—The brain was small (560 g.) 

» with the meninges at the base somewhat opaque. The 
cerebellum with the brain-stem were relatively large, 
} weighing 100 g. The pattern of convolutions was normal, 
» the left temporal lobe being, however, slightly smaller 
than the right (Fig. 6 and 7). Marked induration was 
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Fic. 7 





Fic. 6.—Left hemisphere: moderate atrophy of temporal and lower 
half of parietal and occipital lobes. 


Fic. 7.—Right hemisphere. 


Fic. 8.—Temporal lobe: fibrous gliosis of cortex most marked in the 
molecular and middle cortical layers. Heidenhain x 4. 


present in the left temporal lobe and posterior to it, 
extending all the way to the occipital pole. The right 
hemisphere was normal in consistency. The ventricles 
showed moderate dilatation, most marked in the inferior 
horn of the left lateral ventricle. The corpus callosum 
was thin. The basal ganglia, cerebellum, and brain-stem 
presented no naked-eye abnormality. 

The histological methods employed were as in Case 1 
above. The main changes consisted of fibrous gliosis 
and neuronal loss in the left middle and inferior temporal 
gyri, and fusiform gyrus, but not the hippocampus 
(Fig. 8). Posteriorly, similar changes were present in 
the lower half of the lateral surface of the parietal and 
occipital lobes. This abnormality was uniform over the 
whole extent of the affected area. Fibrous gliosis was 
most conspicuous in the molecular layer and, again, in 
a position corresponding with the second, third, and 
fourth layers. The subjoining white matter was also 
affected by dense gliosis, showing in addition demyelina- 
tion and glial cellular hyperplasia. 

The cytoarchitectonic pattern was also fairly uniform 
over the entire diseased area, presenting marked cellular 
loss in the deeper portion of the second and in the third 
and fourth layers (Fig. 9). The superficial parts of the 
external granular and of the fifth and sixth layers were 
better preserved. This pattern corresponded with the 
distribution of fibrous gliosis. The molecular layer of 
the gliosed cortex showed an increase in the number of 
glial cells—mostly fibrillary astocytes (Fig. 10). Some 
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Fic. 9.—Loss of nerve cells in cortex of temporal lobe. Cresyl violet 


x PF. 
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Fic. 10.—Glial hyperplasia in molecular layer: two abnormally 
orientated giant nerve cells in layer III. Cresyl violet x 160. 
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Fic. 12.—Diffuse loss of nerve cells and blurring of cytoarchitectonic 
pattern in one of the “‘ unaffected ” areas. Cresyl violet x 17. 
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of the surviving nerve cells in layers 3 and 4 were ex- 
cessively large and orientated at unusual angles, and had 
thick and tortuous processes (Fig. 11). The neurofibrillary 
structures impregnated badly with silver, and it proved 
impossible to decide which of the cellular processes were 
axons or dendrites. Many of the surviving nerve cells 
stained unevenly and “ ghost’’ forms were also present. 
A few microglial cellular clusters were scattered through- 
out the gray matter of the central nervous system. A 
moderate amount of neutral fat could be seen in the 
affected cortex and white matter. Some of it was intra- 
cellular, included in the cytoplasm of compound granular 
corpuscles and endothelial capillary cells, but free 
fatty particles were also present. 

The other remaining areas in both hemispheres showed 
considerably milder changes: some glial hyperplasia 
in the molecular layer, blurring of the cytoarchitectonic 
\ pattern and a fairly uniform diffuse loss of nerve cells 

in the superficial cortical layers (Fig 12). The white 
» §& matter in these areas showed slight fibrous gliosis without 
, [perceptible myelin loss. There was a slight reduction of 
nerve cells in the nucleus ventralis posterior and nucleus 
* § medialis dorsalis of the left thalamus. Other thalamic 
nuclei, on both sides, presented no abnormality. Changes 
in the cerebellum consisted of slight glial hyperplasia 
inthe molecular layer and the presence of Bergmann glia. 
There was no atrophy in the Purkinje and granular 
layers. Periventricular fibrous gliosis was present in 
the ventricles. Marginal fibrous gliosis affected the brain- 
stem and spinal cord. There was no demyelination of 
the cortico-spinal tracts. 
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Case 3 

This patient was a sister of Case 2, born three years 
later after a normal pregnancy and confinement. This 
child had minor epilepsy from the age of 1 month. The 
fits were at first tonic and accompanied by a leftward 
deviation of the head. At 6 months they became akinetic 
with no apparent loss of consciousness, a deviation of 
the cyes to the right or left, and rapid, panting breathing. 
The fundi were pale but the optic discs normal. Muscle 
tone was slightly raised in the right leg. An air ventriculo- 
gram showed some widening of the sulci in the right 
frontal region, suggesting cerebral atrophy. Electro- 
encephalographic findings were compatible with diffuse 
cortical atrophy. The C.S.F. and other laboratory tests 
were normal. 

At the time of writing the child is a year old. In spite 
of medication she is having four or five attacks of epilepsy 
every day. The skull circumference is 43-4 cm. and weight 
11-5kg. She has an asymmetrical face with the fontanelle 
open 2-4cm. The optic discs are normal in colour, there 
is generalized retinal hypoplasia, but no choroido- 
retinitis or macular change. Muscular tone is raised, 
tendon jerks exaggerated, and plantar responses extensor. 
Her mental development is greatly retarded. 


a 








Discussion 
The chief clinical features in the three patients 
were intractable epilepsy, paralysis, and idiocy. 
The morphological findings in the two cases coming 
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to necropsy were characterized by diffuse atrophy 
and gliosis affecting large but restricted areas of 
the cerebral cortex and the subjoining white matter. 
Giant nerve cells were present in both cases, being 
more numerous in the first. A substantial amount 
of neutral fat, disappearing nerve cells, and glial 
hyperplasia were suggestive of continued structural 
degeneration at the time of death. 


The details of the histological picture and, par- 
ticularly, the giant nerve cells, were reminiscent of 
tuberous sclerosis. It seems likely, indeed, that some 
of the previously published records of so-called 
unilateral and localized tuberous sclerosis (Jakob, 
1914) referred to similar cases. It is, however, 
improbable that the condition is tuberous sclerosis. 
The changes in these cases are diffuse rather than 
nodular, while candle guttering as well as all the other 
characteristic somatic manifestations of tuberous 
sclerosis are absent. 


The changes in the second case resemble those 
described by Schob (1930) as “* progressive sclerosing 
hemiatrophy ’’, other instances of which were later 
reported by TOppich (1935) and Josephy (1945). 
Schob wrote that in this condition there is fairly 
uniform progressive parenchymal loss seen chiefly 
in one of the cortical laminae, especially the third, 
and corresponding fibrous gliosis. Clinically, he 
defined the condition as one of increasing mental 
deterioration, epilepsy, and paralysis. Although 
designated as ‘“ hemiatrophy”’ the extent of the 
changes may be more limited, affecting only one 
or several lobes. Case 2 corresponds quite well 
with this description but not Case 1, where localiza- 
tion of neuronal loss and of gliosis was not confined 
or specially conspicuous in any one of the cortical 
laminae. 


The occurrence of giant nerve cells in different 
sclerotic conditions has also been mentioned by 
Schob. As stated already, they are a special and 
familiar feature of tuberous sclerosis. They are, 
however, non-specific and known to be associated 
with other conditions, such as pachygyria (Crome, 
1956). Their origin and significance are obscure. 


All the cases were probably congenital, but apart 
from this and their morphological likeness there 
is no evidence that they were due to the same cause. 
It is likely that the sclerotic process in the first case 
was accentuated, if not initiated, by the lobectomy. 
it is difficult to explain in any other way the absence 
of similar changes in the part of the frontal lobe 
removed at operation and in the second hemisphere, 
and, also, the receding severity of the lesion from 
the line of excision. The second and third cases 
were siblings and thus, presumably, identical in 
aetiology. 
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It is possible that some of the changes were 
themselves the result of frequent uncontrollable 
fits but here one cannot be certain of what is cause 
and effect. It may be significant that lesions com- 
monly attributed to epilepsy, viz., loss of nerve 
cells in the Sommer sector of the hippocampus 
and in the Purkinje layer of the cerebellum, as well 
as the degeneration of the globus pallidus (Scholz 
1933, 1936), were either entirely absent or not par- 
ticularly marked in the two fatal cases. 


Summary 

Some gliotic processes of the brain are charac- 
terized by diffuse, non-nodular atrophy of the cortex 
and subjoining white matter. The lesions are diffuse 
and extensive but do not affect the whole of the 
brain, the remaining parts being free from similar 
change. Histologically, there is cellular glial 
hyperplasia, fibrous gliosis, and loss of nerve cells. 
These may be particularly marked in the molecular 
and in one of the deeper laminae, especially the 
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third. Another striking feature is the presence of 
irregularly orientated giant nerve cells having stoy 
and tortuous processes. The clinical manifestation; F 
of the condition include cerebral palsy, sever ; 
epilepsy, and a very low mental and physical level F 


of attainment. The condition is probably congenital F 5A C 
but its aetiology and pathogenesis are otherwise F 
obscure. This communication is based on two fh 
patients who had come to necropsy and a third stilj F 
alive. : 
I wish to record my indebtedness to my lay and P 
medical colleagues at the Fountain and other hospitals F 

for their cooperation and access to case notes. Tu 
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From the Neuropsychiatric Department and X-ray Institute of the General Hospital ** Dr. M. Stojanovié,” 
Zagreb, Vinogradska ulica 


Tuberous sclerosis (epiloia) is a congenital 


+ anomaly of development with a tendency to form 


tumours in different tissues. Usually the ectodermal 


» organs are involved (brain, retina, skin) but patho- 
| logical changes may be found as well in the 


mesenchymal organs (kidneys, heart). The usual 


) site of the disease is in the central nervous system 


(C.N.S.). 


Tuberous sclerosis is a very rare disease according 
to Ross and Dickerson (quoted by Jordan, 1956); 


) it is found in 1 in 500,000 persons, and according 


- to Dawson (quoted by Jordan, 1956) the occurrence 
' of cases with mental changes is | in 300,000. The 


milder cases with no mental defect have probably 
a similar incidence. In comparison, neurofibro- 
matosis, which is relatively rare, is 18 times more 
common than tuberous sclerosis (Holt and Dicker- 
son, 1952). It is believed that in the total population 
of both mental deficiency and epileptic institutions 
the incidence of tuberous sclerosis is 0°-5°% (De 
Lorimier, Moehring, and Hannan, 1954). 

Recently those cases which present symptoms 
of raised intracranial pressure have attracted the 
attention of neuropathologists and neurosurgeons 
because the growth which produces the clinical 
picture can sometimes be removed. 

In the Yugoslav medical literature we have only 
been able to trace three cases and all of these have 
been published since the war (Miowski, 1949; 
Smaic, 1951). 

The disease was first described by Bourneville 
in 1880, and von Recklinghausen in 1862 gave a 
short description of it in recording the post-mortem 
findings in a boy with sclerotic, foci in the brain 
and cardiac myomata. Pringle (1890) described 
skin changes and in 1911 Sherlock introduced the 
term “ epiloia”’. Kufs in 1913 (quoted by Josephy, 
1936) was the first to describe the familial occurrence 
of the disease. Most authorities now regard it as a 
disease transferred by a dominant factor, but cases 
with no familial history do occur. 

Radiological changes were first observed by 
Marcus in 1924 (quoted by Presthus, 1953) who 


first described intracranial calcification. Berkwitz 
and Rigler in 1935 described hydrocephalus and 
multiple protrusions into the ventricles of the brain. 
At the same time Gottlieb and Lavine (1935) 
described osteosclerosis, osteoporosis, and erosions 
of the long bones. 

Pathological findings in the brain are usually 
represented by masses of gliomatous cells resembling 
a tumour. These masses are often calcified and 
seen in straight radiographs. 


Case Reports 


Case 1.—L. S. was an unmarried woman of 22, a 
nursery school teacher. Her early medical history was 
unobtainable. As far as we could ascertain no member 
of the family had adenoma sebaceum or other related 
familial disease. 

Her mental and physical development as a child 
appeared to have been normal. School reports show 
that up to the age of 11 she was an excellent pupil but 
she had difficulty in keeping her place at about 15 
years, so she had entered a training college for nursery 
teachers and finished that course. Before admission 
she worked in a village nursery school. She did not 
remember having had any illness except the one for which 
she came to our department. 

Her present illness first presented at the age of about 
5 years, with momentary attacks of loss of consciousness. 
These “* fits ’’ were very rare. After her school training 
she sometimes would fall from her chair during the lapses 
of consciousness but she does not know if there were 
convulsive movements. When asked about the skin 
changes she said that she had had them for a long time; 
they had recently become more prominent, but she did 
not know precisely how long she had had them. 

This is her third course of residential treatment and 
investigation in a neuropsychiatric department. During 
her previous stays in hospital skull radiographs and 
air-encephalograms were done. She was diagnosed and 
treated as a case of schizoid psychopathy, psychomotor 
epilepsy, and epilepsy with dementia. During the present 
stay in hospital the patient had three major convulsive 
fits with no localizing signs. 

On admission in the autumn of 1953 the clinical findings 
were on both cheeks a reddish-blue papular rash with a 
** butterfly * distribution also present but more scanty 
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Fic. 2 


round the mouth (Fig. 1). On the back (Fig. 2) and 
anterior aspect of thighs there were areas of skin change 
about 2 cm. in diameter which consisted of raised, firm, 
whitish patches. Several nails on each hand showed 
raised white longitudinal striae (Fig. 3). In the right 
parietal region of the scalp she had a patch of grey hair. 
There was a slight radial deviation of the third and 
fifth fingers of both hands. She had an arched palate. 

She was tested psychologically in 1951 and 1953 and 
impairment of intelligence was found on both occasions 
but with no further deterioration between these dates. 
The higher intellectual functions were chiefly impaired. 


Fic. 1.—Case | showing butterfly distribution of adenoma sebaceum. 


FiG. 2:—Case J showing patches of fibrous changes of the skin. 


Fic. 3.—Right hand of Case I showing radial deviation of third | 


finger and longitudinal striation of nails. 


Fic. 4.—Air encephalogram of Case I showing areas of calcification 
with ill-defined edges. There is no protrusion into the ventricles. 


Other investigations, including an E.C.G., Wasser- 
mann tests on blood and C.S.F., blood films, and com- 
plete kidney function tests, were normal. A histological 
report on a section of one of the skin papules showed 
the usual changes of adenoma sebaceum. 

Skull radiographs showed multiple bilateral asym- 
metrical amorphous small areas of calcification with ill- 
defined edges (Fig. 4). In the parietal bones oval areas 
of denser bone structure were seen. The lamina interna 
of the frontal bone was thickened. 

Radiographs of the extremities showed oval areas of 
rarefaction of the second phalanx of the left fifth finger 
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and the phalanges of the right fourth and fifth fingers; 
periosical thickening of the first and second phalanges 
of the right third finger; and two areas of condensation 
of the left tibia about the size of a grain of rice. 

Air encephalograms showed evidence of a slight 
internal hydrocephalus. Bilateral intracerebral calcifica- 
tions in the region of the caudate nucleus and subcortical 
areas were present, but there was no protrusion into the 
ventricles. 

Spinal radiographs showed that the vertebral arch of 
the first sacral segment was not united. Radiographs 
of both feet showed pes cavus. 

All other radiological findings of the lungs, heart, 
digestive, and urinary organs, were negative. 


Case 2.—This was a boy, S. N., aged 9. We were able 
to examine both parents, his only sibling, and a cousin, 
and found no abnormalities and there was no family 
history of any nervous disorder. The patient was well 
until the age of 5 when attacks of momentary loss of 
consciousness began. These increased in frequency till 
the age of 8 and then he began to suffer from major 
epileptiform fits. From the age of 5 he began to deteriorate 
mentally. His speech rapidly deteriorated so that by 
the age of 7 he ceased speaking altogether. Physically 
he developed normally. * 

He had treatment as a hospital in-patient for the fits 
when 5 years old and was discharged to continue treat- 
ment at home. At the age of 9 we admitted him to our 
unit on account of his restless behaviour and progressive 
dementia. During the previous two years the parents 
had noticed an acne-like rash on his face. 

On admission he was a boy of 9 who was physically 
normally developed for his age. A reddish papular 
rash was present on the nose, cheeks, and chin but more 
thickly distributed round the nose (Fig. 5). The physical 
examination, including that of the nervous system, was 


Fic. 5.—Case 2 showing adenoma sebaceum 
and its distribution on the face. 


Fic. 6.—Skull radiograph of Case 2 showing small areas of calcifica- 
tion. 


rendered very difficult by his extreme restlessness and 
marked dementia, but no abnormality was detected. 
It was impossible to establish any contact with him and 
his habits were dirty. There was no possibility of any 
psychological tests. All laboratory tests were normal, 
including blood and C.S.F. Wassermann reactions, 
an E.C.G., and urinary function tests. 

Radiological investigations were only possible under 
narcosis. A straight skull radiograph showed bilateral 
multiple small areas of intracerebral calcification. The 
density of the shadows was not great and the edges 
were ill defined (Fig. 6). In the parietal region there were 
two small sclerotic foci surrounded by an area of osteo- 
porosis. 

Air encephalograms showed a marked degree of hydro- 
cephalus internus and bilateral areas of calcification of 
the brain substance but no protrusions into the ventricles. 

The left hand showed cystic changes in the body of 
the first phalanx of the fourth finger and periosteal 
thickening of the third phalanx of the third finger. 

All other radiographs, including those of the lungs, 
heart, and urinary tract, were normal. 


Case 3.—A. B. was a boy of 4 years. We were able to 
obtain a family history for the three previous generations 
on both sides and no relevant illness was found. We 
examined and radiographed the skulls of his parents 
and his two siblings and there were no relevant abnor- 
malities. His birth and his feeding in infancy was normal 
and he was healthy till the age of 7 months, except for 
some degree of rickets. At the age of 7 months he started 
to have frequent major epileptic fits and was admitted 
to a paediatric department. Air encephalography was 
done and he was discharged with the diagnosis of 
hydrocephalus, and was given anti-epileptic treatment. 
At 18 months he walked and started to say a few words. 
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At the age of 2 years his condition deteriorated, he 
stopped speaking and became almost unable to walk. 
His fits became very frequent and he was admitted to 
the children’s department of another hospital. Air 
encephalograms were obtained again, he was seen by a 
neurosurgeon, and was again discharged with the 
diagnosis of hydrocephalus. From this time marked 
psychical deterioration set in. He was restless and unable 
to walk or talk or feed himself. At the age of 3 he was 
admitted to a neurosurgical department. Air encephalo- 
graphy was again done, and the child was discharged, 
after deep radiological treatment to the choroid plexuses, 
with a diagnosis of ‘ mental deficiency with hydro- 
cephalus internus”. An E.E.G. showed mainly diffuse 
abnormalities. 

At the age of 4 the child was admitted to our unit 
because of progressive mental deterioration and in- 
creasingly frequent epileptic fits. 

On admission, for his age he was physically well 
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FiG. 7.—Typical butterfly distribution of adenoma sebaceum in 
Case 3. 


Fic. 8.—** Peau de chagrin” and patches of leucoderma on trunk in 
Case 3. 


Fic. 9.—Air encephalogram in Case 3 showing “ candle gutterings ” 
marked by arrows. 


developed but was hardly able to walk even when 
supported by two people. He could not feed himself, 
he had dirty habits, and he was unable to speak. It was 
impossible to make any contact with him. No psycho- 
logical testing was possible. 

Clinical investigation was very difficult because of his 
mental condition. He had pigeon chest deformity, 
racchitic teeth deformities, and bilateral pes cavus. A 
symmetrical rash of reddish raised papules in butterfly 
distribution was present on his face (Fig. 7). The skin 
in the lumbar region on the left side showed a patch of 
*““ peau de chagrin” about 15 cm. x 10 cm. He had 
also areas of leucoderma on the trunk (Fig. 8). All other 
medical and neurological findings were normal as far 
as could be ascertained. 

All laboratory tests were normal including blood and 
C.S.F. Wassermann reactions, and E.C.G., and urinary 
function tests. 

Radiological examinations were carried out under 
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narcosis. Air encephalography was carried out with 
50 ml. air and showed a medium degree of hydrocephalus 
more marked on the left side. The basilar cisterns were 
partly filled but over the convexity there was practically 
no air. The contours of the ventricles showed protrusions 
into the ventricles in three places (antero-posterior 
position) but no calcification was shown (Fig. 9). 

Straight radiographs of the skull showed no calcifica- 
tion, but it was thought that its absence might be due to 
the previous deep radiological treatment. We checked the 
absorption of air after the air encephalography by 
daily radiographs, and complete absorption did not take 
place till the thirteenth day. We thought that this also 
might be due to the effect of the previous deep radiological 
irradiation. 

All other radiological investigations, including those 
of the chest, heart, urinary tract, and skeleton, were 

normal. 


Discussion 

All three of the cases described above had certain 
characteristics in common. (1) There was no familial 
or hereditary history in any of the three. (2) In all 
three cases the classical (Vogt) triad, i.e., dementia, 
epilepsy, and adenoma sebaceum, was present. 
(3) In all three cases radiological findings aided the 
diagnosis. (4) All three cases had had previous 
hospital investigations, including air encephalo- 
graphy in two of them, and none of the three had 
been diagnosed as tuberous sclerosis which shows 
that this condition can be overlooked if the possibility 
is not borne in mind. (5) In fact all three had been 
suffering from tuberous sclerosis for several years 
before being diagnosed and this induced us to give 
consideration to its diagnostic criteria and the evalu- 
ation of single clinical manifestations. We therefore 
propose to discuss briefly the problem of diagnosis. 


Clinical Diagnosis.—Tuberous sclerosis shows 
itself by dementia, epileptic attacks, and adenoma 
sebaceum. Adenoma sebaceum may be of three 
types—white, red, or fibrous (Aimes, 1950)—and 
appears between the fourth and tenth years (Holt 
and Dickerson, 1952), increasing during puberty. 
It is usually on the face in a “ butterfly ” distribution, 
but can be found on other parts of the face and 
anterior aspect of the neck. Other skin changes 
are found, e.g., periangual tumours (Koenen), 
lipomas, fibromas, mellusca pendula, peau de 
chagrin. Changes may also be found in any mucous 
membrane, particularly hypertrophy of the lingual 
papillae and fibromata of the gums. 

On the retina one can find phakomas. In the 
internal organs tumours may often be found, 
especially in the kidneys and heart, or cystic changes, 
especially in the lungs. In the patient with tuberous 
sclerosis developmental defects, such as spina 
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bifida, pubertas praecox, congenital cardiac abnor- 
malities, are often found. 


Radiological Diagnosis.—Multiple asymmetrical 
areas of intracerebral calcification are seen, irregu- 
larly shaped 2mm. to 2cm. in size and varying 
in density with no defined structure. These are 
usually found in the region of the basal ganglia, 
very rarely in the cerebellum. Holt and Dickerson 
(1952) found intracerebral areas of calcification in 
50% of their cases. Sometimes a different type of 
calcification situated in the vessel walls can be found 
(Loepp and Lorenz, 1954). On the vault can be 
seen osteosclerotic changes. Holt and Dickerson 
(1952) found them in 40% of their cases. Some- 
times there is erosion of the clinoid processes, 
thickening of the lamina interna and rarely lamina 
externa, of the skull bones. 

When the tumours are placed subependimally 
they can protrude into the ventricular space and 
then are seen as “ candle gutterings ”’. 

Patchy zones of osteosclerosis, periosteal thicken- 
ing, and oval cysts in the long bones of the hands 
and feet were found by Holt and Dickerson (1952) 
in 66 % of their cases. More rarely demineralization, 
osteoporosis, or erosions of bones are seen. 

Multiple lung cysts with honeycomb appearance 
are rarely found. 

Other organs occasionally show malformations, 
e.g., kidneys, heart, spine. 

There are several clinical forms of tuberous 
sclerosis (Stender and Ziilch, 1943): (1) The classical 
form showing the clearly defined triad of Vogt; 
(2) the cases which present symptoms due only to 
the disease of one system (C.N.S.); (3) abortive 
cases which show only a single symptom of tuberous 
sclerosis, usually a skin manifestation; (4) Stender 
and Ziilch described in 1943 a fourth form which 
shows only raised intracranial pressure caused by a 
single tumour in the third ventricle. 

Clinical diagnosis of tuberous sclerosis is usually 
based on the finding of the Vogt triad and when 
this is absent diagnosis may be extremely difficult. 
Adenoma sebaceum with either epilepsy or mental 
deficiency is sufficient evidence to make the diagnosis. 

Epilepsy with mental deficiency but without 
skin changes cannot be regarded as diagnostic. 
Skin changes without either epilepsy or mental 
deficiency may be simply a skin disease (Davidoff 
and Epstein, 1955), but if at the same time we find 
“candle gutterings”’ in an air encephalogram this 
is sufficient to make a diagnosis of tuberous sclerosis. 
“candle gutterings ’’ in an air encephalogram even 
without skin changes is sufficient evidence. Retinal 
phakoma is a very suggestive clinical finding for 
the diagnosis. 
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In differential diagnosis one should think of the 
related congenital ectodermatoses, especially neuro- 
fibromatosis of von Recklinghausen. The disease 
described in 1949 by Rilay and Day as “ central 
autonomous dysfunction with diminished lachry- 
mation ’’ mental deficiency, skin changes, and 
epilepsy, must also be considered (quoted by 
Davidoff and Epstein, 1955). 


Conclusions 


We believe there are cases* of tuberous sclerosis 
which are not recognized: the disease is easily 
overlooked. 

In patients which show atypical dementia with 
epilepsy, tuberous sclerosis should be considered 
in the differential diagnosis. In these cases air 
encephalography and full radiological studies will 
be very helpful. The finding of phakoma of the 
retina in these cases would be conclusive. Air 
encephalography gives a conclusive picture when 
there are protrusions into the ventricles (‘* candle 
gutterings ’’). Air encephalography is very important, 
especially in the cases with a clinical picture of 





*The first two of our cases were written up for publication in a 
Jugoslav medical journal. 
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raised intracranial pressure because it might indica 
surgical treatment. 


“Candle gutterings’’ might be shown in ai 


encephalograms where there are no areas of intra. § 


cerebral calcification as in our third case. 
The severe dementia which develops shows no 
characteristic psychological findings. 
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SUBDURAL HAEMATOMA IN AN ADULT AFTER 
AIR ENCEPHALOGRAPHY 


BY 
R. G. ROBINSON 


From the Department of Neurosurgery, Dunedin Hospital, and the University of Otago Medical School 


Air encephalography in the absence of a space- 
' occupying lesion of the brain is usually a harmless 
but unpleasant investigation that is necessary in the 
differential diagnosis of organic dementias and 
neurological syndromes of uncertain origin. It is 
| known that subdural effusions may follow en- 
' cephalography in children (Smith and Crothers, 
1950). The development of a subdural haematoma 
in an adult after air studies has been rarely recorded. 
Such a complication has an important bearing on 
the management of the patient who occasionally 
deteriorates and may die after what has been con- 
sidered to be a normal investigation. 


Case Report 

A man (NS 4512) aged 48 years, who was a barman, 
was admitted to the Neurosurgical Unit, Dunedin 
Hospital, on May 11, 1952. Eighteen months before he 
had fallen down some steps and had been unconscious 
for four hours. Two weeks later dull headaches at the 
back of the head began and persisted. There had been 
four attacks in this period when both his arms had been 
useless. He had had insomnia for six months; he had 
become depressed and lost weight. 

On examination, he was very depressed and tearful 
and somewhat agitated. The optic disc margins were 
blurred. He had a very dubious weakness of the left 
arm. There were no other physical signs. Radiographs 
of the skull were normal and the calcified pineal shadow 
was centrally placed. 

On February 14, a right carotid arteriogram was 
normal, and on February 18 a lumbar encephalogram 
was done using 40 ml. of air. This was considered to be 
normal. The cerebrospinal fluid had cells 0, protein 
40 mg. per 100 ml., and a zero colloidal gold curve. After 
the encephalogram the patient developed headaches of a 
bursting nature. He was very emotional. On February 26 
the headaches were much worse and he had a sudden 
short period of blindness. The pupils were fixed and 
dilated for 10 minutes and then became normal. The 
next day he had poor upwards gaze, slight left facial 
weakness, weakness of the left arm, increased tendon 
jerks in the left arm and right leg and the right plantar 
response was extensor. 

On March 4 he was very drowsy, the left pupil was 
fixed and dilated, there was a left ptosis, and the left 


plantar response was extensor. A left carotid arterio- 
gram showed that the left cerebral vessels were displaced 
to the left by a right-sided mass. 

On March 5, ventriculography (R.G.R.) was done by 
posterior burr holes under local anaesthesia. The ventri- 
cular pressure was sub-atmospheric. The radiographs 
showed a large right-sided mass. A right mid-parietal 
burr hole was made and a large subdural haematoma 
was evacuated. The brain expanded afterwards. The 
patient deteriorated and died that night. 

At necropsy (Dr. R. Rodda) there was some residual 
blood in the right subdural space. The lining membrane 
was thin and thought to be consistent with a duration 
of two weeks. Bilateral uncinate grooving and tonsillar 
coning were present and there were numerous haemorr- 
hages in the pons and midbrain. There was no micro- 
scopical cause in the brain for the original complaints. 


This patient died because it was not realized soon 
enough that he might have a subdural haematoma 
as a result of the encephalogram. Earlier treatment 
would have saved him. It was thought that he had a 
midbrain tumour which had escaped radiological 
recognition. The encephalogram was done by the 
fractional method of Lindgren (1949). It has been 
assumed that his presenting symptoms were due to a 
post-concussional syndrome with depressive features 
in the lack of any structural alteration in the nervous 
system at necropsy other than those due to the 
subdural haematoma. 


Discussion 

There is general agreement that there are few 
complications from encephalography and that the 
fatality rate is about 0-2 % in a large series (Davidoff 
and Dyke, 1946; Whittier, 1951). Most of the deaths 
can be accounted for by deterioration in the presence 
of a previously unsuspected cerebral tumour. Many 
of the other deaths are when there is an organic 
dementia. Air embolism is an exceedingly rare com- 
plication (Whittier, 1951). It has only been possible 
to find one instance of subdural haematoma after 
encephalography in adults. 

Bucy (1942) reported a case of a 66-year-old man 
with personality changes who had a lumbar en- 
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cephalogram when 350 ml. cerebrospinal fluid was 
removed and replaced by air. The radiographs were 
normal but showed air in.the subdural space. After- 
wards he became stuporose and burr holes were 
made some three months later. Bilateral chronic 
subdural haematomas were found and removed. 
He recovered to his pre-encephalographic state. 

Smith and Crothers (1950) considered that the 
subdural effusions in children after encephalography 
were due to collapse of the brain and tearing of the 
bridging veins of the subdural space. It is probable 
that the same explanation accounts for the adult 
cases. Air is common in the subdural space after 
this procedure (Lemere and Barnacle, 1936). 
McConnell (1953b) made burr holes on cases with 
air in the subdural space after encephalography and 
usually found collections of fluid like cerebrospinal 
fluid. It would appear that he used total cerebro- 
spinal fluid replacement in his encephalography 
(McConnell, 1953a). Our case showed that a sub- 
dural haematoma may follow when only 40 ml. 
cerebrospinal fluid has been replaced by air and a 
gradual technique used. 

The diagnosis of the patient who deteriorates 
after an encephalogram which appears normal is 
difficult. Blackwood, Mosberg, and Robinson (1951) 
have described a case where there was an extensive 
cerebral glioma on necropsy and the cerebral arterio- 
grams and the encephalogram had been normal. 
They mentioned several cases in the literature. We 
have had experience with a similar case. Dodge, 
Richardson, and Victor (1954) had a case where 
death followed soon after encephalography when 
there was an internal carotid artery thrombosis. 
Other patients with organic dementias may have 
their deaths precipitated by this method of investi- 
gation. 

The investigation of the patient with an organic 
dementia is to some extent hazardous. The risks of 
encephalography are very small although its value 
in excluding a space-occupying process is exag- 
gerated. Cerebral arteriography has become a 
popular alternative which in the right case yields 
incomparable information. However, serious com- 
plications and death may follow (Rowbotham, Hay, 
Kirby, Tomlinson, and Bousfield, 1953). The risk is 
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greatest where there is cerebrovascular diseay 
although it may be the only method of showin 
conclusively the occlusion of a major cerebral bloo4 






vessel. Air encephalography is by far the safer of the} 





two methods of investigation. 





The physician whose patient deteriorates afte fF 





encephalography is in a quandary. He is naturally 
reluctant to inflict further diagnostic procedures op 






his patient. The probability is that the patient ha > 
In rare cases thf 





some untreatable condition. 
investigation has precipitated a subdural haematom, 
and if there are any such doubts then the necessary 
burr holes should be made forthwith. It is possible 
that this complication is commoner than has been 
reported. We have discussed this problem with 














several neurologists and they were aware of the fact 
that a patient could have a normal encephalogram, fF 
die, and at necropsy a subdural haematoma bk f 
found. They concluded that the encephalogram had 








failed to reveal the lesion but it is more likely that 





the encephalogram was responsible for the lesion. F 
Unfortunately we have not been able to obtainf 
It is extremely un- f 
likely that a subdural haematoma could exist and f 
be undetected by these special investigations. The F 
same thing cannot be said for a cerebral neoplasm. F 





concrete evidence from them. 











Summary 


A case is described of an adult who developed a 
subdural haematoma after air encephalography. 


Death occurred because the condition was not} 


diagnosed and treated soon enough. 


The hazards of encephalography are considered F 
in relation to the investigation of organic dementias. 
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A CASE OF BRAIN GUMMA 
BY 


M. BIANCHI and C. FRERA 


From the Neurosurgical Department of the Istituto Neurologico “* C. Besta”’, Milan, Italy 


Surgical reports of space-occupying syphilitic 
)} granulomas of the brain have always been rare and 
' chemotherapeutic treatment has still further reduced 
' their number. In 1929 Bagdasar pointed out that 


| while from 1908 to 1912 Cushing found five cerebral 


» gummas in 194 neurosurgical operations, from 1913 
» to 1927 he met with only three of these lesions in 
1,500 surgical operations of the brain (Cushing, 
1932). 

| Pre-operative diagnosis of cerebral gummas has 
» always proved extremely difficult for they cause no 
specific syndromes and the observation that a patient 
has signs of an expanding intracranial lesion and posi- 
tive syphilitic reactions provides insufficient grounds 
for diagnosis. Even the therapeutic criterion is un- 
tenable, since, while chemotherapy is effective in 
preventing the formation of gummas, it may be 
useless in their treatment. These difficulties in 
diagnosis still exist to-day, and, as in a case of 
cerebral gumma observed by us, peculiar results 
were obtained by carotid angiography, which has 
not, as far as we know, been applied to this disease 
before, it seems to us that the case is worth reporting 
for its possible diagnostic interest. 


Case Report 

A man of 35 (P. R. No. 19573) was admitted to the 
Milan Neurological Institute in February, 1954. The 
patient remembered no other illness except a pharyngeal 
diphtheria at the age of 8; he was a heavy drinker. 
Twenty months before being taken into the Institute 
he had suffered a slight injury which produced only a 
“ stunned ”’ feeling, lasting no more than a few moments. 
Two months after this injury the patient began suffering 
from attacks of left-sided temporal hemicrania lasting 
two or three days and separated by free intervals of 
eight to 10 days. About nine months later he had a 
generalized epileptic seizure, wnich recurred twice during 
the next two months. There followed a period of acute 
mental confusion, which was put down to excess of 
alcohol and the patient was sent to a hospital where he 
was treated for chronic alcoholism for a month. After 
this episode the patient’s character changed greatly: 
first he became very euphoric, then came periods of 
apathy alternating with others in which he was irascible 


and impatient, and others again in which he was once 
more euphoric and highly active in a disorderly manner. 
A month before he came to the Institute, his mental 
disturbance became more serious, the headaches more 
intense, spreading to the right side; there was somnolence 
and frequent yawning. 

On examination the patient was apathetic and con- 
fused; his memory for recent events was obviously 
deficient and his power of concentration quickly ex- 
hausted; there were no speech disturbances. The 
outstanding results of neurological examination were 
painful cranial percussion on the right side and bilateral 
anosmia. The left pupil was wider than the right; both 
reacted sluggishly to light but normally to accommoda- 
tion and convergence. Visual acuity was 10/10 in both 
eyes; he had a left inferior homonymous quadrantanopsia 
and bilateral papilloedema of 0-5 diopters on the right 
side and 2 diopters on the left. External ocular move- 
ments were normal. He had a left facial hypokinesia, 
but no other cranial nerve disturbances. He had slight 
hypotonia of the limbs of the right side without signs of 
motor or sensory impairment. The deep reflexes were 
brisker on the right side, the Babinsky sign was more 
evident on the right side where there was also a positive 
Gordon reflex, and a bilateral grasping reflex. No 
relevant symptoms were evident on routine clinical 
examination of the heart, lungs, and abdomen. 

Blood pressure was 120/80 mm. Hg. Urine was normal. 
Wassermann’s and Kahn’s syphilitic reactions were 
markedly positive. 

An E.E.G. revealed slow, wide waves more marked 

-on the right fronto-temporal region but spreading to the 
anterior half of the skull on both sides. 

Radiographs of the skull disclosed a sellar decalcifica- 
tion and a posterior pineal shift. Ventriculography 
contributed nothing owing to poor filling of the ven- 
tricular system. Carotid angiography was performed on 
both sides: in the antero-posterior view the anterior 
cerebral arteries were displaced to the right, but the most 
interesting finding was the appearance of these vessels 
in the lateral view. They were very slender and irregularly 
injected by the contrast medium; their branches also 
were of identical appearance and were only faintly visible. 

A diagnosis of cerebral gumma was tentatively 
advanced on the results of the serological examination 
and the arteriographic findings, but owing to the papil- 
loedema it was thought wiser not to await the possible 
beneficial effects of chemotherapy. 
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Operation.—On March 9, 1954, under local (xilocain) 
anaesthesia both frontal lobes were exposed with , 
frontal bilateral flap hinged to the left side. Their uppe 
aspect appeared normal but on exploring in the inte. 
hemispheric fissure the left frontal lobe was found to jy 
adherent to the falx and the floor of the anterior fossa: 
the left anterior cerebral artery was whitish. Th 
cerebral substance was cut at the edges of the meningo. 
cerebral adhesion and a hard mass of irregular for 
and of the size of a hen’s egg was found in the lef 
frontal lobe. Thanks to its rather sharp outline it coul 
be completely removed with very little loss of blood, 
During the removal the left anterior cerebral artery, 
running at the upper edge of the mass, was cut and 
appeared to be incompletely thrombosed as blood flowed 
slowly and did not spurt from it. After closing the dur 
mater, the bone flap was replaced and the galea and skin 
sutured with silk. 


Microscopical Examination.—The section of the may 
removed, stained with haematoxylin and eosin, showed} 
a central core of coagulation necrosis and a peripheral 
area of granulomatous tissue. This was composed of 
a fine network of collagen fibrils and of small blood 
vessels which were sometimes ectasic and with sinusoid 
features. A dense infiltrate filled this network; it chiefly f% 
consisted of lymphocytes and plasma cells, but therf 
were also many big mononucleated cells of the macro-f 
phagic type and foam cells were grouped here and there} 
into xanthomatous areas. In some places the demarcationf 
between the necrotic core and the granulomatous are 
was sharp, but-in other places they merged into one 
another through a transitional area in which fibrils and 
cells showed a definite swelling. In this area there were 
neither epithelioid nor giant cells. In Levaditi’s anf 
Wright’s silver stain many spirillar images appeared 
against an unstained background. 


Progress.—After an uneventful post-operative period 
chemotherapeutic treatment (penicillin and mercuric 
cyanide) was instituted; the papilloedema gradually 
subsided and the patient was discharged without relevant § 
neurological findings on May 20, 1955. At successive 
out-patient examinations, he was always found psychic- Ff 
ally alert and no further epileptic fits were reported; the 9 
Wassermann and Kahn reactions remained strongly 
positive. 


The positive serological syphilitic reactions and 
the macroscopical and microscopical aspects of & 
the lesion, similar to those reported by Gross, Stein, 
and Myerson (1942), made the diagnosis of cerebral 
gumma quite acceptable. 

The most interesting point in our case is the result f 
of carotid angiography. This examination showed f 
a localized expanding lesion and alterations indicating 





Fics. 1 and 2.—Right and left carotid angiograms, antero-posterior 
view. The anterior cerebral arteries are slightly displaced to the 
right side. 


Fic. 3.—Left carotid angiogram, lateral view. The anterior cerebral 
arteries are slender and irregularly filled. 
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Fic. 4.—Central area of necrosis surrounded by a peripheral zone of 
granulomatous tissue. Haematoxylin and eosin x 72. 


Fic. 5.—Granulomatous tissue. Haematoxylin and eosin. x 195. 


Fic. 6.—The granulomatous tissue at a higher magnification having a 
network of collagen fibrils and small blood vessels infiltrated 
with lymphocytes and plasnia cells. Haematoxylin and eosin. 
x 540. 


arteritis in the neighbouring vessels. If similar 
results are found in other cases of gumma, this 
particular angiographic finding may be considered 
characteristic of syphilitic granulomas of the brain. 
From the point of view of treatment the known 
insensitivity of cerebral gumma to chemotherapy 
calls for their surgical removal without delay, and 
in our case the existence of a bilateral papilloedema 
provided another reason for urgent intervention. 


Summary 
A case of surgically treated cerebral gumma is 
described. The most interesting point in this case is 
the result of carotid angiography which showed a 
space-occupying lesion with arteritic alterations in 
the neighbouring vessels. 
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IRREGULARITIES IN THE CONTOUR OF THE ANTERIOR PART 
OF THE LATERAL VENTRICLE AS SHOWN IN 
AIR ENCEPHALOGRAMS 
BY 
VL. HUDOLIN and F. PETROVCIC 


From the Neuropsychiatric Department and X-ray Institute of the General Hospital ““ Dr. M. Stojanovié”’, 
Zagreb, Vinogradska ulica 


Lindgren (1941) described deformities in the upper 
limit of the anterior horns of the lateral ventricles 
in the profile picture of air encephalograms, finding 
them 29 times in 635 air encephalograms. He is 


of the opinion that the deformities in these air , 


encephalograms were without clinical significance 
and that they represented varieties of normal air 
encephalograms. Even earlier, Dyke and Davidoff 
described “ribbed deformities” of the lateral 
ventricles, which they found when hydrocephalic 
cerebral changes were present. De Lorimier, 
Moehring, and Hannan (1954) have described de- 
formities in the anterior part of the lateral ventricles 
called “silver fork deformity ”’, which are very 
similar to the deformities which were described by 
Lindgren. De Lorimier and his colleagues think that 
“* silver fork deformity ” is an important diagnostic 
sign in cerebral tumours, especially in tumours of 
the corpus callosum. 

We searched systematically for such deformities 
in 494 air encephalograms done in the last few 
years at this hospital. In this material we found the 
deformity of the anterior upper contour of the lateral 
ventricle in 76 cases, representing 15-5% of the 
total number. In view of this high percentage we 
feel it necessary to re-emphasize this problem, since, 
as far as we know, there are no new contributions 
to it in the professional literature since Lindgren’s 
paper in 1941. This seemed even more important 
to us, because we have found that a relatively large 
number of cases show deformity only in the form 
of simple flattening of the upper border of the 
anterior part of the lateral ventricle which is 
normally convex. Lindgren did not mention this 
type of deformity. 

We assumed deformity to be present when found 
in the profile picture of a patient in the supine 
position, with the occipital region on the table. 
We did not take into consideration the deformity 
of the lateral ventricle in any other projection in 


spite of the fact that in some of these projections 
the deformity was found even more often. This 
deformity was usually found in other projections 
when a medium-sized hydrocephalic change of the 
ventricles was present. 


In some cases the deformity was seen in the profile . 


picture of the anterior horns, but it was not com- 
pletely clear whether or not it might be due to an 
artefact produced by the superimposition of the 
air from the surface of the brain, or by the shadow 
of the coronary sutures. In view of this doubt we 
did not include such cases in our statistics. We were 
also careful to exclude deformities which might 
have been due to faulty radiological projections or 
skull deformities. In some traumatic cases we thought 
the deformity might have been due to the localized 
atrophy or scar deformity of the cerebral substance 
and such cases were also excluded from our 
material. 

In our material we distinguished three groups of 
deformities: (1) The deformity which appeared as 
a deep or shallow protrusion from the upper border 
into the ventricle. In this type of case a defect of 
the ventricular shadow was present (Fig. 1). (2) In 
the second group we included cases in which there 
were two or more such protrusions into the ventricle 
(Fig. 2). (3) We distinguished a third group in 
which the deformity appeared as a more or less 
clear flattening of the upper part of the anterior 
portion of the lateral ventricle (Fig. 3). Any of 
these three types of deformity might be found on 
one or both sides (Figs. 4 and 5). 

Deformity was usually found in the anterior part 
of the lateral ventricle above and immediately 
adjacent to the foramina of Monro. The size of 
the protrusions in the first and second groups was 
up to 4 cm. in diameter. When the third group of 
deformity was present, that is the simple flattening 
of the upper border, it was one or more centimetres 
in length. 
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Fic. 1 
Fic. 4 








Fic. 2 





Fic. 5 


Fic. 1.—Single protrusion into the ventricle (Type 1). 
Fic. 2.—Miultiple protrusions into the ventricle (Type 2). 


Fic. 3.—Simple flattening of the upper contour of the anterior part 
of the lateral ventricle (Type 3). 


Fic. 4.—Unilateral deformity of the anterior part of the lateral 
ventricle. 


Fic. 5.—Bilateral deformity of the anterior part of the lateral ventricle. 





Fic. 3 
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We did not make any special radiological projec- 
tions in search of these deformities. They are also 
sometimes seen in sagittal projection but we have not 
used sagittal projection in the present series as a 
means of finding the deformity. 

Our material was of air encephalograms of 
unselected patients in the Neuropsychiatric Unit 
who were in hospital because of various neuro- 
psychiatric diseases. Every type of neuropsychiatric 
case was represented in the series which showed 
these deformities in the air encephalograms: 
epilepsy, post-encephalitic states, traumatic ence- 
phalopathy, psychopathy, but when we analysed 
the clinical diagnoses in our series it was noticeable 
that the deformity was found usually in those 
diseases which are often associated with atrophic 
cerebral changes. 

Looking at the 76 air encephalograms showing 
deformity, we found in about 70 there was some 
degree of hydrocephalus. When hydrocephalus 
was present, however, the deformity was found in 
the incipient and medium stages, never in the high- 
grade stages of hydrocephalus. 

Lindgren (1941) gave evidence that these defor- 
mities are due to the protrusion of the radiation 
of the corpus callosum (which builds up the roof 
of the lateral ventricles) into the ventricles. The 
question arises, Why is the deformity seen in some 
cases and not in others ? and, Is this the normal 
variety of the form of the anterior part of the 
lateral ventricle as Lindgren described it ? We 
do not know why the deformity was more often 
or exclusively seen in hydrocephalic brain changes 
in our series. In our opinion it might be caused 
by the atrophy of the more sensitive cellular elements, 
the more resistant fibrous elements of the radiation 
of the corpus callosum then protruding into the 
lumen of the ventricle more markedly. We do not 
know why these deformities do not occur when 
severe hydrocephalus is present. We think that 
Lindgren’s opinion is acceptable that in high-grade 
hydrocephalic changes the pressure of cerebro- 
spinal fluid from inside flattens the roof and in this 
way the deformities disappear. 

Clinically, these deformities might have a double 
significance. First, they might be the symptom of 
a pathological process by itself, or secondly, they 
might be regarded as a normal variant of the outline 
of the lateral ventricle and important in the 
differential diagnosis of space-occupying cerebral 
lesions. Like Lindgren we had no normal control 


material as our air encephalographies were made 
in all kinds of cases for all possible clinical reasons, 

The deformities in our material had no special 
clinical significance. They often produced doubts 
about a space-occupying cerebral lesion, especially 
in the frontal parasagittal region. This doubt 
was especially reasonable when there was the third 
variety of deformity with the flattening of the upper 
border of the ventricle. In none of these doubtful 
cases did further clinical investigation prove cerebral 
tumour. We had less difficulty in differential 
diagnosis with tumours of the corpus callosum 
because the sagittal projection in such cases made 
the diagnosis clear. But we do emphasize that in 
our unit the number of expansive cerebral lesions 
is comparatively small. Perhaps this might account 
for the difference between our findings and those 
of Lindgren. 


‘Summary 


We think it necessary to point out again the 
deformities of the upper border of the anterior 
part of the lateral ventricle which were described 
by Lindgren in 1941. In our experience this 
deformity is more often seen than Lindgren found 
in his material. 

The deformities are nearly always seen in cases 
of hydrocephalic ventricles, but the physiology of 
the development of these deformities is not clear. 
It seemed to us that they might be caused by the 
atrophy of cellular elements thus causing hydro- 
cephalus, the more resistant fibrous elements of 
the radiation of the corpus callosum then protruding 
into the lumen of the ventricle more markedly. 

The finding of the deformity of the upper contour 
of the anterior part of the lateral ventricle has no 
clinical significance but it should be recognized in 
the differential diagnosis in cerebral space-occupying 
lesions. It is especially important to recognize 
the simple flattening of the upper contour of the 
lateral ventricles because similar deformities may 
be seen in parasagittal expansions. Deformity of 
the upper contour of the anterior part of the lateral 
ventricle may be seen also in tumours of the corpus 
callosum but in these cases the sagittal picture 
makes the diagnosis clear. 


REFERENCES 


De Lorimier, A., Moehring, H. G., and Hannan J. R. (1954). Clinical 
Roentgenology, Vol. 2. Thomas, Springfield, Illinois. 
Lindgren, E. (1941). Acta radiol. (Stockh.), 22, 722. 








coma 


—- © 425 = fr SH SF FF FF 


a i ee ee ee ee ee Bee ee ee a |e 











J. Neurol. Neurosurg. Psychiat., 1957, 20, 139. 


DISORDERS OF OCULOMOTOR FUNCTION IN LESIONS 
OF THE OCCIPITAL LOBE* 
BY 
MORRIS B. BENDER, DONALD M. POSTEL, and HOWARD P. KRIEGER 


From the Departments of Neurology of New York University, Bellevue Medical Centre, and the Mount Sinai Hospital, 
New York City 


The physician and even the neurologist associates 
the occipital lobe with visual functions. Rarely 
does one attribute motor disturbance to lesions in 
this region of the brain. While there is no doubt 
that normal vision is dependent on intactness of 
the calcarine cortex and the subcortical optic 
radiations, there is apparently little clinical evidence 
to indicate that the occipital area plays a role in 
the movements of the eyes. From experiments in 
animals and cortical stimulations in man it is 
apparent that the occipital lobe must have an 
influence on eye movements. 

In monkeys various types of eye movements have 
been elicited from the occipital cortex and sub- 
cortex (Shafer, 1888; Luciani and Tamburini, 1879; 
Griinbaum and Sherrington, 1901; Walker and 
Weaver, 1940; Crosby and Henderson, 1948; Lilly, 
Hughes, and Galkin, 1956; Krieger, Wagman, and 
Bender, 1955). While these effects are easily 
obtained in the alert and less readily in the 
anaesthetized monkey, ocular deviations are difficult 
to elicit on electric stimulation of the occipital 
cortex in man. Walker and Weaver (1940) stated 
that eye movements can be elicited from the 
occipital area in all animals but man. Foerster 
(1931), on the other hand, stated that ocular devia- 
tions could be evoked on stimulation of area 19 
but not areas 18 or 17. Penfield and Boldrey (1937) 
reported two cases with contralateral ocular devia- 
tion after stimulation of area 19. However, in 1950 
Penfield and Rasmussen stated that in 31 patients 
48 loci for eyeball movement were found and “ all 
were located rostral to the central sulcus”. To 
explain the previous observations the following 
footnote is then added: “In earlier operations in 
which less physiological stimulating currents were 
used, eye turning was elicited in one patient from 
the temporal lobe and in three patients from the 





* This work was aided in part by grants No. B-174 (S.D.) and No. 
B-294(C) from the United States Public Health Service. 


parietal lobe”’. The latter three patients include 
the two in whom eye movements were elicited from 
area 19. Penfield similarly accounted for the 
difference between his and Foerster’s results by 
noting that the latter used much stronger stimuli 
and evoked adversive convulsions including the 
eyes. In their work Penfield and his associates 
(Penfield and Boldrey, 1937; Penfield and Rasmussen, 
1950) did not consider any epileptiform reactions 
as positive results. However, in recent work on 
the monkey with implanted electrodes Lilly and 
his colleagues (1956) have evoked adversion, in- 
cluding the eyes, upon stimulation of the lateral 
surface of the occipital lobe and not isolated eye 
movements. 

While there are examples of excitatory influences 
on eye movements produced by stimulating the 
occipital lobe, there is very little information on 
oculomotor deficits as a result of lesions in this area. 
Gordon Holmes (1921) described defects in visual 
fixation and fusion movements of the eyes in gun- 
shot wounds of the occipital lobes. The so-called 
voluntary movements which remain are not perfect. 
For example, fixation other than straight forward 
cannot easily be maintained and may be accompanied 
by nystagmus. These abnormalities are found even 
though there is no paralysis of the individual eye 
muscles involved. Thus it is reflex maintenance of 
conjugate gaze in any one direction or even centering 
of eyes which is defective and the chief complaint 
is usually blurred vision, which increases with any 
movement of the line of vision. This blurred vision 
persists with one eye closed, thereby differentiating 
it from diplopia. Although bilateral occipital lobe 
damage is usually necessary for this syndrome, 
reflex maintenance of gaze may be defective uni- 
laterally. When it is bilateral it becomes even more 
marked. The post-mortem examinations of cases by 
Gordon Holmes (1921) revealed that this defect 
in fixation was related to “interruption of the 
cortico-tectal fibres which form the efferent link 
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of the reflex arch; the disease involved the dorsal 
portion of the thalamus including the pulvinar ”’. 
In addition, Gordon Holmes described occipital 
lesions as producing paresis of gaze to the side 
opposite the lesion. In his cases this occurred only 
in hemianopics who were mentally obtunded, 
suggesting that what Holmes may have observed is 
what has been described as hemispatial inattention 
or hemispatial agnosia. Dejerine and Roussy (1905) 
observed such paresis after a recent occipital injury 
in a previously blind person, suggesting that vision 
is not the factor in these cases. Gordon Holmes 
(1921) also noted that many hemianopics could not 
accurately fixate targets on the hemianopic side, 
despite preservation of macular vision and accurate 
fixation of a target in the midline. Holmes concluded 
that such a defect could not be due to visual loss 
but was due to unilateral loss of the visual reflexes 
needed for maintaining the position of the eyes 
achieved by voluntary ocular movement. 

In contrast to these observations and deductions 
are those of Penfield and Rasmussen (1950). They 
amputated one occipital lobe and found the only 
defect to be a contralateral homonymous hemianopia. 
There was no difficulty in oculomotor functions. 
Excision of the occipital cortex outside the calcarine 
region produced no defect in vision or oculomotor 
function of which the patient was aware. Destruc- 
tion of the occipital lobe in monkeys leads to 
contralateral hemianopia and at most to a transient 
defect in contralateral conjugate gaze which is 
associated with turning of the entire body about its 
long axis in the direction of the side of the 
lesion. 

The present study concerns alterations in oculo- 
motor activity appearing subsequent to lesions of 
the occipital lobes in two patients. 
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Case 1.—D. G. developed hypertension (160-170/ 
100-110 mm. Hg) at the age of 33. At 37 years of age 
he suffered, in rapid succession, a coronary occlusion, 
a popliteal thrombus, multiple pulmonary infarcts, and 
an embolus to the right posterior cerebral artery. The 
latter was followed by an almost congruent left homony- 
mous hemianopia, spots before the eyes, and blurred 
vision. In 1949, at the age of 41, he was completely 
blind for one hour. This was followed by left-sided 
blindness and the subjective experience of being dragged 
to the left by the head and eyes. 

The patient was admitted to the Mount Sinai Hospital 
for special studies. The visual sensory symptoms and 
signs of this patient just after the episode of complete 
blindness have been reported previously (Bender and 
Kahn, 1949). Essentially, there was an incongruent left 
homonymous hemianopia with scotomas and a small 
relative scotoma in the right upper quadrants (Fig. 1). 
These defective fields were the site of trouble in per- 
ception of motion, form, distance, colour and after- 
imagery. Additional signs of neurological disease were 
hyperaesthesia of the left upper lip and right wrist. There 
was transient evidence of a hemiparesis affecting the 
right foot. Radiographs of the skull, the cerebrospinal 
fluid, and an electroencephalogram were normal. The 
diagnosis was bilateral and successive occlusion of the 
posterior cerebral arteries. 

The most marked oculomotor defect found after the 
second occlusion was nystagmus on fixation of a target 
during deviation of the eyes to the side of the maximum 
field defect (left). The nystagmus was a shimmering, 
cogwheel type of eye movement apparent on attempted 
fixation of a target at the near point. During fixation 
at a distance this nystagmus was absent. When present, 
at a near point, nystagmus was most marked in the 
fixating right eye, the non-fixating eye being turned 
inward, giving it the appearance of making a strong 
attempt at convergence. Nausea and vertigo developed 
when such fixation was prolonged. 

Double vision was experienced during fixation at the 
near point or at a distance. If the patient looked at his 


Fic. 1.—Perimetric and tangent 
(opposite page) screen visual 
fields of D. G. Illumination, 
daylight; 5 mm. white target 
at 33 cm. Solid black, absence 
of perception of motion. 
Vertical lines, movement per- 
ceived but marked blurring 
and fluctuation in appearance 
of target. Stippling, target less 
blurred. Small circles and 
horizontal dashes, blurred or 
grey vision. The dashes in the 
perimetric fields outline the 
field of vision for the colour 
red. 
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own finger he saw two parallel fingers one overlying the 
other. He called this experience “‘ transparency ”’ since 
each finger was seen in its entirety despite the overlap. 
The degree of image separation increased the farther 
the target was removed from the patient. This diplopia 
was best demonstrated by turning the head to the 
extreme left while the eyes were turned to the right and 
down, that is, toward the least defective field of vision. 
Under these conditions a target in the left or defective 
field was seen with an associated false image slightly 
higher as well as to the left of the real image. Marked 
bilateral nystagmus accompanied any attempt to fixate 
under these conditions. Concomitantly, the non-fixating 
eye converged. 

Fifteen months after the onset of this oculomotor 
disturbance the patient was admitted to Bellevue Hospital. 
At this time a marked dissociated nystagmus was observed 
whenever the patient attempted to fix an object in his 
left field of vision. Shortly afterwards he died in cardiac 
failure. 

Post-mortem examination was limited to the brain 
which showed infarction of the under surface of both 
occipital lobes (Figs. 2a and 2b). The infarct was largest 
on the right side extending forward but not into the 


Fic. 1 








Fic. 


2a.—Photograph of the inferior surface of the brain of D. G. 
The right occipital lobe is the site of an infarction throughout 
its inferior aspect. Most of the posterior part of the right lingual 
gyrus is missing exposing branches of the posterior cerebral 
artery lying within the calcarine and other fissures. The inferior 
surface of the remnants of the right cuneus is exposed. Most 
of the right occipital pole is destroyed. The inferior surface of 
the left occipital lobe is less severely damaged, the major destruc- 
tion occurring in the lingual and fusiform gyri rostrally and thus 
affecting mainly the peristriate and parastriate areas. 





Fic. 2b.—Representative coronal sections through each occipital lobe demonstrating the depth of the lesion. The right lobe is more extensively 
involved. 
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temporal lobe and including Brodman’s area 18, that 
part of area 17 lying below the calcarine fissure, and all 
of the tip of the occipital lobe. The lesion on the left 
was limited to a small region mainly of area 18. There 
were no lesions in the brain stem. 


Case 2.—G. S. K., aged 57, first experienced a clonic, 
adversive seizure affecting the head and eyes at the age of 
26. This patient was first studied by Foerster in 1925 
and 1926. Since then these attacks have recurred weekly 
and occasionally two or three times in one week. During 
the first two years consciousness was lost three times. 
The attacks have consisted of a sensation of something 








Fic. 3.—Lateral and anterior-posterior views of the skull of G. S. K. 
demonstrating the calcific lesion within the right occipital lobe. 


impending, followed by anxiety, then a sensation of 
blood or warmth rushing to the head, and finally clonic 
jerking of the head and eyes to the left superimposed 
upon tonic adversion of these parts to the same side. 
Each attack lasted a few seconds. The tongue was not 
affected. Occasionally paraesthesias affecting the left 
lower extremity and possibly the left hand appeared after 
an attack. There was no diplopia, blurred vision, optic 
illusions, or visual hallucinations. Four years before 
the first attack the patient was in a train accident. He 
suffered a blow to the head but did not lose consciousness. 
No other aetiological agent is known. 

The patient was examined at the office of M. B. 
Bender on June 20, 1947, and again in 1953. The neuro- 
logical and mental states did not reveal any abnormality. 
An electroencephalogram was normal in 1947 and 
again in 1956. Repeated radiological examinations of the 
skull have shown a right occipital calcified mass which 
has not grown in size (Fig. 3). It is assumed that the 
anatomical site of the lesion which causes the adversive 
head and eye movements to the left is in the right occipital 
lobe and manifested by the calcification. 


Discussion 

In summary, two cases of disturbances in oculo- 
motor function associated with lesions of the 
occipital lobe have been described. One had 
unilateral disease, the other bilateral sequential 
disease. The common symptom was abnormal 
repetitive eye movements. The case of unilateral 
calcification in the occipital lobe had contraversive 
attacks, the other had nystagmus when attempting 
to fix in his most defective field of vision. It should 
be stressed that this patient had a visual field defect. 

These two cases thus support the concept that 
in man the occipital lobe participates in oculomotor 
functions. This is in agreement with Foerster’s 
(1931) observations and those of workers who have 
experimented with animals. It may be asked whether 


. such concepts as the visual fixation reflex and the 


theory of balance between the forces effected through 
each occipital lobe may help in analyzing these two 
cases. 

The nystagmus of the case with bilateral disease 
was apparently the type associated with defects in 
the postulated visual fixation reflex. It will be 
recalled that the nystagmus became most marked 
when the eyes were turned toward the most defective 
visual field while the head was turned in the opposite 
direction. It is possible to agree with Holmes (1921) 
and say that this was nystagmus secondary to a 
defective fixation reflex since vision was partly 
intact. However, it is not altogether clear why the 
position of the head should play a role in this 
symptom and why, as in the second case, it is 
possible to have attacks of clonic adversive eye 
movements without evidence of a fixation deficit 
or visual experience. 
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A definite answer cannot be given but some 
suggestions arise from known experimental data. 
Shafer (1888) showed that the two cerebral hemis- 
pheres were in physiological balance as far as 
effecting forces which move the eyes in the horizontal 
plane, each hemisphere exciting contralateral con- 
jugate deviation. Sherrington (1893) demonstrated 
that there were active inhibitory forces also involved 
in these horizontal conjugate movements. Bender 
(1955) postulated a third set of vectors, the centering 
forces or those which bring the eyes to the mid- 
position and constantly counteract the deviation 
forces. If the existence of these forces is granted 
then it may be proposed that the altered oculomotor 
activity observed in the two cases under considera- 
tion had a common physiological mechanism, 
namely, imbalance among the generators of these 
forces, whether these generators lie in the anatomic- 
ally diseased structures or some other place along 
the pathways which pass through these structures. 
Such an explanation does not invoke centres for 
specific types of horizontal or other eye movements 
and it poses the problem in a form allowing an 
experimental approach. Such a mechanism might 
also underlie the other oculomotor defects associated 
with the disease of the occipital lobes and commonly 
explained as loss of the “‘ visual fixation reflex ” 

There are observations tending to support such 
a vector concept suggesting that all eye movements, 
normal and abnormal, are the result of forces 
generated at many places along the neuraxis, i.e., 
cerebrum, basal ganglia, brain-stem, cerebellum, 
vestibular nuclei, the various oculomotor nuclei 
and the retina, vestibular receptors and the pro- 
prioceptors of the head and neck (Bender, 1955; 
Spiegel and Sommer, 1944). Of particular interest 
here are some recent observations on the monkey. 
It was noted that nystagmus could be induced in a 
conscious monkey if the animal’s attention were 
attracted ipsilaterally to an occipitally applied 
electric stimulus to the cortex. During such simul- 
taneous stimulation there was nystagmus (Krieger 
et al., 1956). A possible interpretation of this 
nystagmus is that it is the result of a rivalry between 
the attention-engendered forces and the electrically- 
induced forces. Nystagmus was also noted upon 
stimulation of various parts of the occipital and 
frontal eye fields without apparently requiring the 
factor of attention. No particular anatomical or 
physiological pattern was found for this nystagmus, 
Suggesting that perhaps the effect of the added 
stimulus was to create an imbalance between the 
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deviating and centering forces, which imbalance was 
noted as nystagmus. 

Why this imbalance appears as periodic, clonic 
movements rather than tonic deviation cannot be 
said. To state that the eyes partake in convulsive 
phenomena is descriptively true but adds little to 
our understanding of the mechanism whereby the 
abnormal activity of the occipital lobe tissue results 
in repetitive patterned contractions of the eye 
muscles. Even if it were known how the calcified 
mass in Case 2 caused abnormal activity in the 
occipital lobe, the question of why this was manifest 
as clonic eye movements while in a deviated position 
still remains open. There is no satisfactory physio- 
logical explanation for the two oculomotor 
syndromes described in this paper. The occurrence 
of these eye disturbances supports the concept of 
occipital lobe influence on oculomotor activity. It 
is remarkable that so few cases of oculomotor 
deficit have been reported in disease of the occipital 
lobe. It would seem that this is an inadvertent error 
of omission brought about by a combination of the 
prominence of the sensory defect and the usual 
classification of the occipital lobe as a sensory organ. 


Summary 

Two cases of defects in oculomotor activity are 
described. One followed occlusion of both posterior 
cerebral arteries; the other was associated with a 
calcified mass in one occipital lobe. 

The concept of the occipital oculomotor field is 
reviewed and the pertinent conflicting data are 
presented. 

It is concluded that the occipital lobe influences 
the function of the oculomotor apparatus. 
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** THE LIMP CHILD ” 
BY 
JOHN N. WALTON 


From the Neurological Research Unit, the National Hospital, Queen Square, and The Hospital for Sick Children, 
Great Ormond Street, London 


The clinical syndrome of congenital hypotonia 
of the skeletal musculature which Oppenheim (1900) 
entitled “‘ myotonia congenita’’, and was sub- 
sequently called “‘ amyotonia congenita ” by Collier 
and Wilson (1908), may be produced by a variety 
of pathological entities. Most such cases show a 
progressive downhill course similar to that seen in 
classical cases of infantile spinal muscular atrophy 
of later onset (Werdnig, 1891; Hoffmann, 1893) 
and are found to have degenerative changes in the 
anterior horn cells (Beevor, 1902; Rothmann, 1909; 
Bibergeil, 1914; Greenfield and Stern, 1927; Grinker, 
1927; Sheldon, 1929), although it has been suggested 
that they may also show an error in development of 
the upper motor neurone (Burdick, Whipple, and 
Freeman, 1945). Certain cases also resemble the 
condition referred to as “‘arthrogryphosis multiplex 
congenita’’ (Stern, 1923) or ‘“‘ amyoplasia con- 
genita’’ (Sheldon, 1932), which often appears to 
be due to a similar spinal muscular atrophy be- 
ginning in intra-uterine life (Brandt, 1947). 

That the disease in some infants with severe 
congenital hypotonia runs a benign course was 
first suggested by Oppenheim, and Batten (1910, 
1911) believed that these children were suffering 
from a congenital non-progressive myopathy, a 
view which received support from Turner’s (1940, 
1949) follow-up of some of Batten’s cases. Further- 
more it has become apparent that infantile hypotonia 
may sometimes be symptomatic of a variety of neuro- 
logical, skeletal, and metabolic disorders; the many 
causes of symptomatic hypotonia and their differential 
diagnosis have been reviewed by Brandt (1950), 
Tizard (1955), Sandifer (1955), and Walton (1956). 
Brandt (1950), as a result of an extensive follow-up 
study of 131 cases previously diagnosed as amyo- 
tonia congenita or infantile spinal muscular atrophy, 
concluded that amyotonia congenita was a syndrome 
which could result from a variety of diseases—some 
grave, some benign. After excluding all cases of 
spinal muscular atrophy and of symptomatic hypo- 
tonia he was left with 13 cases, of which six had 
recovered completely, three had shown striking 


improvement, three had improved but remained 
disabled while one had improved but died from 
pneumonia. Seventeen similar cases are described 
and discussed below. 


MATERIAL AND METHODS 


I have reported elsewhere (Walton, 1956) the 
results of a follow-up study of 109 cases in which 
a diagnosis of amyotonia congenita had been made 
previously. Fourteen were obtained from a survey 
of the records of the National Hospital for the 
years 1930-54 inclusive and 87 had attended The 
Hospital for Sick Children between 1940 and 1952. 
Six cases seen at the Royal Victoria Infirmary 
during 1951 and 1952 and two observed at the 
Massachusetts General Hospital in 1953 were added. 
All accessible surviving cases were examined 
during 1955, when it was possible to—sevise the 
original diagnosis of amyotonia congenita made 
from two to 25 years earlier. In 67 cases the disease 
process was clearly one of spinal muscular atrophy; 
one patient had a benign congenital ‘‘ myopathy ” 
with myasthenic features (Walton, Geschwind, and 
Simpson, 1956), three were suffering from progressive 
muscular dystrophy, and one from polymyositis in 
a chronic phase. The muscular hypotonia in 20 
cases had clearly been a symptom of disease else- 
where than in the neuromuscular apparatus (“‘ cere- 
bral palsy ’’, six cases, mental defect, eight cases, 
scurvy, two cases, arachnodactyly, one case, 
multiple congenital defects, one case, congenital 
dislocation of hip, one case, spinal ganglioneuroma, 
one Case). 

There remain a total of 17 cases, of which all 
but two were seen personally. All were limp, 
**flonpy ’’ children who showed a marked delay 
in reaching those physical milestones which can be 
regarded as indicative of increasing muscular 
activity. Certainly none of these patients are cases 
of spinal muscular atrophy and none of them have 
shown signs of the many conditions previously 
referred to which may give symptomatic hypotonia. 
Eight of them have recovered completely; the other 
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nine all showed some improvement in early child- 
hood, but none of them have recovered completely 
and all show manifestations of a persisting, through 
non-progressive, muscular disorder, It is suggested 
that these 17 cases are examples of a distinctive 
clinical syndrome which may be called “ benign 
congenital hypotonia’ and that a subdivision is 
possible, on the basis of the natural history, into 
cases with complete recovery and cases with in- 
complete recovery. These 17 cases are the subject 
of the present study; two of them (Cases 7 and 8) 
have been reported previously (Nattrass, 1954); the 
other 15 are described briefly below. In order to 
conserve space, all negative observations concerning 
the patients and their relatives are omitted; for 
ease of reference the important clinical features of 
the cases are listed in Table 1. 


CASE HISTORIES 
A. Cases with Complete Recovery 


Case 1.—C. K. was born on July 11, 1944, at term, 
by a normal delivery; foetal movements were normal. 
The child always seemed limp and “ floppy ” and at the 
age of 6 months, although she seemed to move her 
limbs freely, she made no attempt to sit or to hold up 
her head. She tended to slip through the hands and her 
limbs could be placed in unnatural positions, “as if 
she were a rag doll”. There was little improvement in 
her activities for some months, but she was intelligent 
and talked at the normal age. She sat at 15 months, 
could stand supported at 27 months, and was able to 
walk a few yards with support soon after her third 
birthday. At this age she was seen by Dr. W. G. Wyllie 
at The Hospital for Sick Children; he found generalized 
muscular hypotonia but the tendon reflexes were normal 
and he made a diagnosis of amyotonia congenita. A 
muscle biopsy from one quadriceps showed no significant 
abnormality. The child remained limp and fell often, 
but from this time she showed slow improvement and 
became able to walk longer distances. Even at the age 
of 8 or 9 years she could not run, fell easily, and had 
difficulty in climbing stairs. However, in the next two 
or three years she showed steady improvement and 
became good at games and physical training. 

On examination on September 8, 1955, at the age of 
11, the patient was an active, intelligent, cooperative and 
well-developed child, who walked briskly with a normal 
gait and could tise quickly from the floor without 
using her hands. No muscular atrophy, weakness, 
hypotonia, or joint hypermobility could be demonstrated 
and there were no abnormal neurological signs. 


Case 2.—A. B. was born on April 15, 1947, at term, 
by a normal delivery; foetal movements were normal. 
As a small baby he was limp and “ floppy ” and tended 
to slip through the hands, although he moved his arms 
and legs quite well. He held up his head a little at 4 
months and could sit if supported at 10 months, but 
tended to flop limply forwards. He could shuffle a 
Short distance along the floor at 15 months. Mental 
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development was entirely normal. At the age of 2 he 
was seen by Dr. B. Schlesinger at The Hospital for Sick 
Children. He could sit firmly unaided but could not 
stand without support: with help he could pull himself 
to his feet and, if supported would make walking move- 
ments. There was extreme generalized hypotonia of all 
muscles, with hypermobility of joints, and the deep 
tendon reflexes were depressed. A diagnosis of amyotonia 
congenita was made. Soon afterwards the child began 
to improve and to walk unaided; progress was slow, 
but by the time he was 4 years old he could go quickly 
upstairs and at the age of 8 could run faster than his 
elder brother. 

On examination on May 16, 1955, at the age of 8, the 
patient was active, intelligent and cooperative; he could 
walk, run, jump, and climb up from the floor briskly. 
There was no muscular atrophy, weakness, or hypotonia 
and no hypermobility of joints; the deep tendon reflexes 
were active and there were no abnormal neurological 
signs. 


Case 3.—M. S. was born at term by a normal 
delivery on December 12, 1946; foetal movements were 
normal. He seemed to move his limbs well, but at 9 
months old he had made no attempt to sit. His muscles 
were soft and flabby and a remarkable range of passive 
movement of his limbs was possible. At 9 months he 
was seen at The Hospital for Sick Children by Dr. B. 
Schlesinger, who found that the muscles of the trunk, 
shoulder, and pelvic girdles were weak, limp, and flabby; 
when he sat his body slumped forwards and there was 
a dorsal kyphosis. The deep tendon reflexes were normal. 
A provisional diagnosis of amyotonia congenita was 
made. The child improved slowly; he sat up at the age 
of a year, could crawl at 18 months, and began to walk, 
though clumsily and with frequent falls, at the age of 2. 
When seen again in November, 1950, he ran about like 
a normal boy of his age, but on examination some 
general muscular hypotonia persisted. 

On May 25, 1955, the patient, now aged 9, showed no 
significant abnormality on examination. He walked 
briskly with a normal gait, his body and limb musculature 
was normally developed, there was no hypermobility of 
joints and the tendon reflexes were normal. 


Case 4.—B. T. was born at term by a normal delivery 
on December 21, 1936; foetal movements were normal. 
Asa baby the patient moved her limbs normally although 
all physical milestones were delayed and her limbs 
always seemed loose and limp. She sat at 1 year, crawled 
at 18 months, and first walked, though clumsily, at the 
age of 2. She tended to waddle and to fall frequently 
and had difficulty in rising from the floor. She could 
not walk upstairs until she was nearly 5 years old. She 
went to school at the normal age and showed slow but 
steady improvement. She was seen at The Hospital 
for Sick Children by Dr. W. G. Wyllie in 1945 at the 
age of 9. Dr. Wyllie found a moderate dorsal kypho- 
scoliosis; there was weakness and hypotonia of thigh 
and pelvic girdle muscles, but the tendon reflexes were 
normal. A diagnosis of amyotonia congenita was made. 
The child wore a spinal cast for a year, and improved 
slowly. An electromyogram in February, 1950, revealed 
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TABLE I 
OUTLINE OF 17 CASES OF BENIGN CONGENITAL HYPOTONIA 
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an excess of polyphasic potentials during voluntary 
contraction of the left quadriceps. 

The patient was seen on May 29, 1955, at the age of 
18. Slight difficulty in walking and climbing stairs had 
continued up to the age of 15, but then she gained strength 
rapidly. She was now as active as a normal girl of her 
age. On examination she was an intelligent girl who 
walked well with a normal gait and rose briskly from the 
floor. There was no muscular atrophy or hypertrophy, 
no hypotonia or hypermobility of joints, and all muscle 
groups in the trunk and limbs were normally powerful. 
The deep tendon reflexes were present, although the knee 
jerks were slightly depressed. 


Case 5.—D. C., a girl, was born at term by a normal 
delivery on September 21, 1948; foetal movements were 
normal. She seemed to move her limbs freely, but at 
the age of 6 months she made no attempt to sit up and 
when placed in a sitting position she slumped forwards. 
Her limbs were loose, limp, and unusually mobile and 
the trunk muscles flabby. She was seen at the age of 
8 months by Dr. P. R. Evans at The Hospital for Sick 
Children; moderate generalized hypotonia was noted 
but the tendon reflexes were present and equal. When 
a year old she was able to sit but her head tended to 
loll and she made no attempt to stand or crawl. The 
cerebrospinal fluid at this time was normal. Shortly 
afterwards the child began to improve and at 1 year and 
10 months she could walk a few steps, though clumsily 
and with frequent falls. When 3 she walked and ran 
quite well, but could not keep up with other children of 
her own age. She still fell frequently and had difficulty 
in climbing stairs. Hypotonia of the limbs persisted. 

The patient was seen on June 1, 1955, at the age of 64. 
She now walked well, though there was slight difficulty 
in climbing a long flight of stairs. She played games and 
took an active part in physical training. On examination 
she was active, intelligent, and cooperative; she walked 
and ran normally and could rise briskly from the floor. 
There was no muscular wasting, weakness or hypotonia 
and no hypermobility of joints; the tendon reflexes were 
normal. 


Case 6.—T. S. (N. H. Case 14009), a boy, was born 
at term by a normal delivery on June 18, 1942; foetal 
movements were good. All physical milestones were 
late; the child did not sit until he was 1 year old and 
did not walk until after the age of 2. His limbs were 
limp and flabby, but hypermobility of joints was not 
noted. In infancy he had bilateral inguinal herniae 
which resolved spontaneously. He was seen by a paedia- 
trician who diagnosed amyotonia congenita. When he 
began to walk, he did so “* on his toes ” and had difficulty 
in rising from the floor. He soon became able to walk 
and run better but could not keep up with children of his 
own age. He was seen at the age of 7 by Dr. E. A. 
Carmichael at the National Hospital, when it was noticed 
that he walked with a slight waddle and made use of his 
hands in order to rise from the floor. There was some 
exaggeration of the lumbar lordosis and also bilateral 
genu valgum. There was a moderate reduction in power 
of all shoulder girdle and upper arm muscles, and some 
weakness of hip flexion and of dorsiflexion of the feet. 
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All tendon reflexes were present and equal. The muscles 
were generally flabby but hypotonia was not severe. 

The patient was seen on April 7, 1955. Since the age 
of 7 he had improved steadily and now walked, ran, 
climbed stairs, and played games as well as a normal 
child of his age. On examination he appeared to be a 
healthy, intelligent, and active child; there was no 
muscular wasting, weakness, or hypotonia, and no 
abnormal neurological signs were found. 


Cases 7 and 8.—These two cases have been reported 
by Nattrass (1954) and will not be described in detail. 
Both were girls; A. T. (Case 7) was a limp, “ floppy ” 
baby who walked late and showed generalized hypo- 
tonia. When examined at the age of 16 she had recovered 
completely. J. W. (Case 8) had symptoms of pelvic and 
shoulder girdle muscular weakness; however, as in 
Case 6, hypotonia was never profound; she, too, recovered 
completely. An electromyogram showed an excess of 
polyphasic potentials with a shift to the right on automatic 
frequency analysis, and a muscle biopsy showed changes 
suggestive of myopathy; on review of the sections, 
however, much of the apparent abnormality appears 
to have been artefact and the muscle is probably within 
normal limits. It was suggested previously (Nattrass, 
1954) that these two cases were possibly examples of 
benign congenital myopathy. However, in view of their 
complete recovery it seems that A. T. certainly, and 
J. W. probably, should be regarded as examples of 
benign congenital hypotonia with complete recovery. 


B. Cases with Incomplete Recovery 


Case 9.—R. D., a boy, was born on June 28, 1949, at 
term, by a normal delivery; foetal movements were 
normal. Next day, all four limbs were noted to be 
oedematous, loose and floppy and this weakness persisted. 
At 2 months he was seen by Mr. E. Lloyd at The Hospital 
for Sick Children, and was admitted to hospital. The 
muscles of the trunk and limbs were limp and flabby and 
there was striking hypermobility of all joints. Move- 
ment of the thoracic cage was poor. Despite the 
generalized hypotonia the baby could put his hand to 
his mouth and could kick. All the deep tendon reflexes 
were absent. Mr. Lloyd diagnosed amyotonia congenita, 
Dr. W. G. Wyllie Werdnig-Hoffmann disease. A 
muscle biopsy from the right pectoralis major was normal 
on section. In December, 1949, and again in January, 
April, and July, 1950, the patient developed severe 
respiratory infections, each of which responded to 
penicillin. He was seen again in December, 1950, and 
was still weak and flabby and could not sit, though he 
moved his limbs freely. In September, 1952, he could 
sit without support but tended to slump and had developed 
a dorsal kyphoscoliosis, for which a plaster jacket was 
supplied. In August, 1953, he was stronger, but still 
unable to walk. He was admitted to a residential school 
of the Shaftesbury Society on May 7, 1954, wearing a 
spinal jacket and below-knee calipers and sleeping in 
a plaster bed at night. Soon afterwards he began to walk 
unaided (at the age of 5) and discarded the calipers; 
he became able to walk long distances, to climb stairs, 
and to dress and feed himself. 
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On examination on August 8, 1955, at the age of 6 
years he was a thin but intelligent child. He walked 
with a slight waddle and with bilateral genu valgum. 
He could not sit up from the supine position or rise 
from the floor unaided. There was a marked dorsal 
kyphoscoliosis and some accentuation of the lumbar 
lordosis on standing. The muscles of the limbs and trunk 
were uniformly small and felt flabby; the sternomastoids 
were particularly thin. The facial muscles moved normally, 
as did those of the eyes, tongue, palate, and pharynx. 
No fasciculation was seen. There was striking generalized 
hypotonia of all limbs, and a remarkable range of 
movement of all joints; the fingers could be turned back 
to touch the dorsal surface of the forearm and the foot 
could be dorsiflexed so that the toes touched the anterior 
surface of the leg. There were no contractures. Muscular 
coordination was good; the deep tendon reflexes were 
present but uniformly sluggish. 


Case 10.—J. F., a boy, was born at term by a normal 
delivery on December 11, 1950. It was noted immediately 
that his limb movements were not vigorous. At 6 months 
he was unable to support his head and made no attempt 
to sit; all the muscles were loose and flabby. He was 
seen at the age of 8 months by Dr. W. G. Wyllie at 
The Hospital for Sick Children and a diagnosis of 
amyotonia congenita was made. The limbs and trunk 
showed striking hypotonia, there was hypermobility of 
all joints and the tendon reflexes were absent. The 
child’s cough was feeble, intercostal movement was poor, 
breathing was almost entirely diaphragmatic, and there 
was recession of the lower ribs on inspiration. In October, 
1951, the boy could support his head. At 1 year he could 
sit unsupported and his breathing had improved. He 
began to walk at 20 months, though weakly and clumsily 
with frequent falls. Subsequently there was slow but 
steady improvement. He was re-examined early in 
1954 and still had small, hypotonic muscles. The family 
emigrated to Canada in late 1954 but in May, 1955, 
they reported that the child could now walk about 
300 to 400 yards unaided, although his limbs were thin 
and his muscles remained small and flabby. 


Case 11.—E. K., a girl, was born at term by a normal 
delivery on September 2, 1938. From birth it was noted 
that her muscles seemed weak and she did not move her 
limbs as well as a normal child. She did not sit up 
until she was 15 months old; she began to walk at the 
age of 24 years, but was clumsy and fell frequently. 
She improved slowly but her muscles remained thin and 
weak. In 1944 she was seen in Vienna by a paediatrician 
and a neurologist who diagnosed amyotonia congenita. 
She came to London in 1947 and was seen by Professor 
A. Moncrieff at The Hospital for Sick Children. She 
was found to be bright and intelligent but had a shambling, 
awkward gait. All muscles of the limbs and trunk were 
small and flabby and there was hypermobility at the 
wrist, hip, and ankle joints. All tendon reflexes were 
absent. A muscle biopsy revealed no abnormality. In 
1951 the family emigrated to the U.S.A. In 1955 they 
reported that the child had shown some further improve- 
ment in muscular power although her muscles remained 
small, weak, and flabby and she still had considerable 
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difficulty in walking long distances, in lifting objects, 
and in climbing stairs. 


Case 12.—P. T., a boy, was born at term by a normal 
delivery in 1925; foetal movements were normal. He 
had bilateral inguinal herniae at birth, and his limbs 
were loose and “ floppy ’’. He did not sit until he was 
18 months old and first walked, though clumsily, at the 
age of 4. At the age of 5, his arms were weak, he walked 
poorly and fell often, and had to be pushed about in a 
wheel chair. He had particular difficulty in climbing 
stairs and was never able to run or jump, although during 
childhood and adolescence there was some improvement. 
Subsequently, he became able to walk moderate distances 
and to climb stairs, but still had a tendency to trip and 
fall. For many years his condition remained stationary 
and he was able to work as a taxi driver. 

On examination on July 16, 1955, at the age of 30, 
he walked with a distinct waddle and with an increase 
in the lumbar lordosis. He had great difficulty in climbing 
stairs and in rising from the floor and there was a striking 
contrast between his thin limbs and obese trunk. All 
muscles were uniformly diminished in size but there was 
no focal atrophy and no fasciculation. There was slight 
weakness of the orbicularis oculi but the lower facial 
and neck muscles were strong; the sternomastoids were 
weaker than the posterior neck muscles. All limb muscles 
were uniformly weak but this weakness was greater in 
the proximal groups; the muscles below the knee were 
more powerful. There was a moderate increase in 
passive mobility at the hip joints. All tendon reflexes 
were present but were uniformly depressed. An intra- 
muscular injection of 1-5 mg. prostigmine gave abdominal 
colic and muscular fasciculation but no improvement in 
strength. An electromyogram from the left biceps 
muscle revealed no spontaneous activity, but on volition 
there were numerous polyphasic and motor unit poten- 
tials of short duration, as well as some potentials of 
normal duration. A muscle biopsy taken in March, 
1955, at the Royal South Hants Hospital, where the 
patient was admitted under the care of Dr. G. S. Graveson, 
revealed no abnormality. 


Case 13.—W. G., a boy, was born at term by a forceps 
delivery on August 18, 1947; foetal movements seemed 
somewhat weak. The child seemed lethargic, and at 6 
months old he made no attempt to sit up. His muscles 
seemed weak and flabby, his limbs could be put into 
unusual positions, he tended to slump when sat up, and 
his head “‘ lolled”’. He sat first at the age of 10 months 
and took a few steps unaided at 20 months, but fell 
frequently and had difficulty in rising. He was seen, 
aged 4, at the Boston Children’s Hospital by Dr. Bronson 
Crothers, who diagnosed amyotonia congenita. Sub- 
sequently, though continuing to fall, he became able 
to walk more briskly and to climb stairs, though with 
difficulty. 

On examination on June 9, 1953, at the Massachusetts 
General Hospital, all the muscles of the trunk and limbs 
were small. The boy could not sit up from the supine 
position unaided and on rising from the floor he climbed 
up his legs. He walked well but with some accentuation 
of the lumbar lordosis. The facial and neck muscles 
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were good, but those of the limbs and trunk were 
uniformly reduced in bulk and power. There was marked 
generalized hypotonia, with considerable hypermobility 
of all joints; genu recurvatum was seen on standing. 
All tendon reflexes were active and equal. An electro- 
myogram gave some occasional bizarre repetitive dis- 
charges on probing with a concentric needle electrode, 
but there was no other spontaneous activity. On volition 
the interference pattern was full and contained many 
normal motor unit action potentials, but in addition 
there were excessive polyphasic potentials and others of 
short duration. The urinary creatine output was 0-325 g. 
in 24 hours. A muscle biopsy from the right deltoid was 
normal histologically. 


Case 14.—J. Y., a girl, was born one month prematurely 
by a normal delivery on September 8, 1940. Although 
weighing only 3 lb. 12 oz. she thrived, but from birth 
was limp and floppy “‘ as though she had no bones”. 
She sat up at 10 months and walked when 24 years old, 
but was clumsy and fell frequently. She improved slowly 
but her limbs were always loose, limp, and hypermobile, 
and she was unable to run, jump, or play games. She 
was seen at The Hospital for Sick Children, by Dr. 
W. G. Wyllie, in August, 1947. Dr. Wyllie found 
marked hypotonia of all muscles of the limbs and trunk 
with striking hypermobility of the joints. All muscles 
were small and those of the neck, upper arms, trunk, 
and thighs were particularly weak. The tendon reflexes 
in the arms were depressed and those in the legs were 
present only on reinforcement. There was bilateral pes 
cavus and some shortening of the tendo Achillis. 

When seen at home on September 7, 1955, the patient 
had improved and could walk long distances. She fell 
infrequently and could run a little but had considerable 
difficulty in going upstairs. At the age of 11 both tendons 
of Achilles were lengthened at operation with benefit. 
The patient was the eldest of three children and the other 
two were normal. One daughter of a paternal great- 
aunt had died at the age of 21 of **‘ muscular dystrophy ”’; 
‘a grand-daughter of the same aunt had had some form 
of muscular weakness all her life in a much milder form, 
but could not be traced. 

On examination the patient walked with a distinct 
waddle and with accentuation of the lumbar lordosis. 
She was unable to rise from the floor without using her 
hands, and could not lift her head from the pillow or sit 
up from the supine position. There was symmetrical 
weakness of the facial muscles but no ptosis and the ocular 
movements were full. Both sternomastoids were weak 
and atrophic but the posterior neck muscles were 
relatively strong. All the muscles of the shoulder girdles 
and upper limbs were small and weak; weakness was more 
marked in the proximal groups. The abdominal and 
spinal muscles were also small and weak, as were those 
of the thighs and the anterior tibial group but the calf 
muscles were normal. There was some persisting hypo- 
tonia and passive hypermobility of joints, particularly 
at the hips. The upper limb reflexes and knee jerks were 
depressed but the ankle jerks were normal. 


Case 15.—R. S. (N. H. Case 12794), a boy, was born 
at term by a normal delivery on January 10, 1945; 
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foetal movements were normal. The child showed active 
spontaneous limb movements but did not sit until he 
was 10 months old and could almost “ be tied in knots ”’. 
He began to walk a few paces at 18 months but was 
clumsy and fell frequently. He was admitted to the 
National Hospital under the care of Dr. Denis Williams 
in November, 1948, when it was found that he walked 
with an increased lumbar lordosis and could not negotiate 
stairs. There was striking hypotonia of all skeletal 
muscles in the limbs and trunk with marked hypermobility 
at the joints. The muscles were generally small and weak. 
The patient coughed poorly and there was some recession 
of the lower chest wall during inspiration. A diagnosis 
of amyotonia congenita was made. Subsequently, the 
child’s walking and strength improved but he continued 
to have difficulty in climbing stairs and in rising from 
the floor. 

On examination on April 21, 1955, at the age of 10 
he walked with a waddle and rose from the floor by 
climbing up his legs. The upper limbs showed diffuse 
atrophy and decrease in strength of all muscles but no 
hypotonia. The neck muscles were good. In the lower 
limbs there was marked hypotonia of muscles about the 
hip joint, with an excessive range of movement at this 
joint. All the muscles of the lower limbs, but particularly 
the hip flexors and anterior tibial group, were small and 
weak. All tendon reflexes were depressed. 


Case 16.—W. I., a girl, was born at term by a normal 
delivery in 1902. She was always a loose, floppy baby, 
was late in holding up her head and in sitting and did 
not walk until she was 3, when she did so with a waddle, 
fell frequently, and had difficulty in rising. After a few 
years of improvement the muscular weakness had con- 
tinued unchanged. She always had difficulty in climbing 
stairs, but had been able to do housework. She was 
admitted to the National Hospital in May, 1939, under 
the care of Dr. Hinds Howell, when it was noted that 
she walked with a waddle, that there was striking hypo- 
tonia of the muscles of the limbs and trunk, and that all 
the skeletal muscles seemed to be weak and small; all 
tendon reflexes were present. No muscle biopsy was 
performed; a diagnosis of amyotonia congenita was made. 

When seen at home on June 11, 1955, at the age of 
53, there had been no deterioration in her muscular 
condition. On examination she was thin, walked with 
a waddle and accentuation of the lumbar lordosis; she 
could not sit up from the supine position unaided, and 
had to lift her legs on to the bed with her hands. There 
was a moderate dorsal kyphoscoliosis. She had consider- 
able difficulty in lifting her head from the pillow and could 
not rise from the floor unaided. There was no fascicula- 
tion. The upper facial muscles were weak, the sterno- 
mastoids almost absent, but the posterior neck muscles 
were good. In the shoulder girdles and upper limbs all 
muscles, including the hand intrinsics, were small and 
weak. The abdominal and spinal muscles were also 
involved and there was diffuse muscular atrophy and 
weakness in the lower limbs. There was slight hypotonia 
of all muscles with some hypermobility at the joints but 
there were no contractures; the deep tendon reflexes 
were generally brisk. , 
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Case 17.—P. S., a boy, was born at term by a normal 
delivery on May 14, 1945. He moved his arms and legs 
normally but the muscles were flabby and soft and he 
tended to slip through the hands. He sat at 7 months, 
stood at 11 months, and walked at 18 months, but his 
gait was clumsy and he tended to fall frequently; after 
falling he could not get up by himself. Soon afterwards, 
his arms and legs became thin and the muscles looked 
small. He was seen at the age of 3 by a paediatrician 
who diagnosed amyotonia congenita. From the age of 
5 he improved slightly, began to run, though clumsily, 
and to climb stairs unaided. 

On examination in June, 1952, in the Royal Victoria 
Infirmary, he was an intelligent and cooperative boy 
who walked with a waddle; on rising from the floor he 
climbed up his legs. He was unable to lift his head from 
the pillow or to sit up from the supine position. The 
muscles were generally limp and flabby and there was an 
unusual degree of passive mobility at the hip joints. 
The facial, ocular, and posterior neck muscles were 
normal, but the sternomastoids were weak. The muscles 
of the trunk and limbs were generally small and weak, 
but the proximal groups were more severely affected. 
The tendon reflexes were all present, but depressed. 
An electromyogram from the right tibialis anterior and 
right biceps showed no spontaneous activity in either 
situation. Volitional activity from the tibialis anterior 
was normal but the record from the right biceps showed 
an undoubted excess of polyphasic and potentials of 
short duration, although others of normal duration 
and amplitude were seen. When re-examined in December, 
1955, the patient had increased his activities further, but 
there was no objective change. 


DISCUSSION 
Case Commentary 

It may now be of interest to consider collectively 
the clinical manifestations of the syndrome which 
affected the above 17 patients. The cases which 
recovered completely will be considered separately 
from those in which there was residual weakness. 

Foetal movements were normal in all of the 
patients who recovered completely. They were, 
however, limp, flabby babies; although muscular 
hypotonia varied in severity and distribution, it 
was usually generalized and remarkable degrees of 
passive movement of joints were possible. Spon- 
taneous movements of the limbs were good, though 
apparently less powerful and effective than those 
of a normal child. All but one of these patients 
were late in sitting up and in walking; when they 
did walk, they were clumsy, fell frequently, and 
showed other evidence of muscular weakness, 
particularly of the trunk and pelvic girdle muscles. 
There was generally some accentuation of the 
lumbar lordosis, while two infants developed a 
moderate dorsal kyphosis. Weakness of the 
respiratory muscles was not a feature. The deep 
tendon reflexes were always present, though some- 


times depressed. These children showed normal 
intellectual development and there were no other 
congenital abnormalities, save for one patient who 
had bilateral inguinal herniae at birth. Electrical 
testing of limb muscles in five of these cases, using 
the classical faradic-galvanic method, revealed no 
abnormality; in two cases, however, an electro- 
myogram showed excessive polyphasic potentials and 
others of short duration during voluntary contrac- 
tion. Muscle biopsy was performed in two cases 
only; in both, satisfactory specimens were obtained 
and sections stained with haemalum and eosin 
showed no abnormality. The progress shown by 
these patients was uniform. In each of them, the 
strength of the muscles improved steadily; they 
gradually became able to run, jump, and to climb 
stairs as well as other children of the same age and 
all evidence of hypotonia and joint hypermobility 
disappeared. They had all recovered completely 
at some time between the ages of 5 and 15 years. 
The initial history of the cases with incomplete 
recovery was similar, but symptoms were generally 
more severe and foetal movements were reduced 
in one case. These children too, were limp, flaccid 
babies; although hypotonia varied in extent and 
severity from case to case it was usually generalized 
and there was a striking increase in the range of 
passive movement at the joints. Again, however, 
spontaneous movements of the limbs were often 
surprisingly good, considering the severe hypotonia. 
The deep tendon reflexes were absent in three cases, 
depressed generally in four, normally active in one 
case, and unusually brisk in another. One patient 
had bilateral inguinal herniae at birth, but associated 
congenital abnormalities were uncommon. Three 
patients showed intercostal weakness; breathing 
was mainly diaphragmatic, and all three suffered 
repeated episodes of respiratory infection in infancy. 
The patients were late in sitting up and did not walk 
until between the eighteenth month and the fifth year 
of life. Usually, the degree of physical retardation 
and the muscular disability were more severe than 
in the patients who recovered, while improvement 
was often slower and began later. Intellectual 
development, however, was always normal. These 
children, too, were even more clumsy and unsure 
when they did begin to walk; some were unable to 
climb stairs unaided for many years. In all of them, 
symptoms of muscular disability, indicating general 
muscular weakness, but particularly of the girdle and 
proximal limb muscles, has persisted to the present 
day; the patients are now aged between 6 and 53 
years. It is possible that some of the children may 
yet recover but their recent progress has made this 
seem unlikely. After improving slowly at first, 
muscular weakness in this group of cases has seemed 
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to be stationary, often over a period of many 
years. Two patients have developed permanent 
kyphosis or kyphoscoliosis in the dorsal region, 
two have moderate genu valgum or recurvatum, and 
one some contracture of both tendons of Achilles; 
in general, however, muscular contractures and 
severe skeletal deformity are ..ot prominent features 
of this syndrome. On examination in 1955, despite 
the differing ages of the subjects (between 6 and 
53 years), the clinical manifestations were similar 
in all cases. There was always some persisting 
hypotonia and hypermobility of joints, usually seen 
best as an increase in the range of passive movement 
at the hips, though similar excessive movement was 
often seen at the knees, wrists, and ankles too. The 
residual hypotonia was most severe in the children, 
while in the patients aged 30 and 53 it was slight. 
All patients showed some abnormality of gait, 
tending to walk with a waddle and with some 
accentuation of the lumbar lordosis; they all had 
difficulty in climbing stairs, in sitting up from the 
supine position, and in lifting heavy objects. Every 
patient showed a remarkable diminution in bulk 
and general weakness of the skeletal musculature; 
the limbs were often particularly slender but in 
some cases the weak trunk muscles were hidden 
by excessive subcutaneous fat. Sometimes, as in 
Case 16, muscular weakness was uniform throughout 
the trunk and limbs but in other cases it was selec- 
tively greater in certain muscle groups; thus the 
upper facial muscles were weaker than the lower in 
two cases, while the sternomastoids were often 
severely affected, the posterior neck muscles being 
stronger. Furthermore, reduction in strength in the 
trunk and proximal limb muscles was often more 
severe than in the distal muscles, but selective 
involvement of individual muscles and muscle 
groups as observed in progressive muscular dystrophy 
was not seen and there was certainly no pseudo- 
hypertrophy. Electrical testing of affected muscles 
in four cases, by the classical faradic-galvanic 
method, showed no abnormality, but electro- 
myography, which was carried out in three cases, 
revealed an excessive proportion of polyphasic 
potentials and others of short duration. Con- 
firmatory evidence was obtained in one case by 
automatic frequency analysis (Walton, 1952); this 
showed a shift to the right of the dominant frequency. 
Despite this finding, sections of muscle obtained by 
biopsy in four cases, when stained with haemalum 
and eosin, revealed no abnormality. Although the 
muscle fibres were often somewhat slender, they did 
not measure significantly less than the normal in 
diameter and there was no undue variation in size, 
no degeneration of fibres, and no infiltration with 
inflammatory cells, fat, or connective tissue. Indeed, 
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in all cases the muscle sampled, though reduced 
in overall bulk, showed no other significant mac- 
roscopic or microscopic abnormality. 

It may be suggested that the children who re- 
covered were suffering from a different disease 
from those who did not, but my observations have 
led me to believe otherwise. The initial history in 
cases of the two groups was strikingly similar, 
although the clinical manifestations were more 
severe and development was usually more seriously 
delayed in those of the second. However, it is 
apparent that in early infancy accurate diagnosis 
would be impossible and even after several years 
it was sometimes difficult to be certain whether 
complete recovery was likely or whether some 
disability would persist. Indeed the clinical 
uniformity and the identical findings on electro- 
myography and muscle biopsy have led me to 
conclude that whether or not recovery occurs, all 
cases of this type are examples of a clinical syndrome 
which may reasonably be called ** benign congenital 
hypotonia”. It will now be important to consider 
the relationship of this syndrome to disorders 
previously described. 


Past and Present Concepts 

The cases which recovered correspond closely to 
the description of * essential or primary hypotonia 
in young children” given by Sobel (1926). He 
reported 45 cases, which were brought to hospital 
because of delay in standing or walking and were 
said to show a “muscular and joint atony ”, 
without the presence of “any basic physical or 
mental disturbance”. There was no apparent 
motor weakness, but hypotonia was severe. There 
was often kyphosis and scoliosis and in some cases 
respiratory difficulty. Many of Sobel’s cases 
recovered in later childhood, but others had hyper- 
mobility of joints throughout life, and it seems that 
he probably included two separate disorders in his 
group of cases. He refers to Finkelstein’s (1916) 
description of a child who had an unusual mobility 
of all joints, but no muscular weakness. The hips 
were chronically subluxated and could be dislocated 
and reduced at will; Finkelstein suggested that there 
was no muscular abnormality in his case but that 
the joint ligaments were congenitally lax. A similar 
case was described by Jahss in 1919, while in 1927, 
Key described a family with several affected males. 
These patients showed a striking hypermobility of 
all joints (as in contortionists), which persisted 
throughout life, but there was no muscular weakness 
or physical handicap. Sturkie, in 1941, reported 
a similar family, while Sutro (1947) reported five 
isolated cases, all with powerful muscles, and all 
seen between the ages of 18 and 35. Many authors 








152 JOHN N. 


(Ford, 1952; Lidge, 1954) have classified congenital 
hypotonia and congenital laxity of the ligaments 
together. Certainly it is probable that Sobel in- 
cluded some cases of the latter type in his series; 
however, my observations suggest that benign 
congenital hypotonia, a condition which was 
probably responsible for the clinical manifestations 
in the remainder of Sobel’s cases, is a separate 
disorder. Ford’s Case 1, many of Brandt’s (1950) 
13 cases which ran a benign course, and the patient 
with “le retard dans l’apparition du tonus” 
described by Arthuis (1954) were probably of this 
type. These babies show marked muscular hypo- 
tonia in infancy and hypermobility of the joints is 
a secondary phenomenon; they also have symptoms 
and signs of muscular weakness, but eventually 
recover spontaneously. Ii congenital laxity of the 
ligaments, on the other hand, muscular weakness 
is not seen, hypermobility of the joints (as in 
contortionists) persists throughout life, and the 
condition may be inherited. 

Turning now to the group of cases which recovered 
incompletely, they resemble Batten’s (1910) descrip- 
tion of “ simple atrophic myopathy ” and Turner’s, 
(1940, 1949) * congenital myopathy’. A case of 
this type has recently been reported by Richter 
and Humphreys (1955). Turner’s cases all presented 
with the clinical picture of amyotonia congenita 
in infancy but many years later they showed signs 
suggestive of a non-progressive myopathy, with 
marked atrophy and weakness, particularly of 
certain proximal limb muscles. The cases in the 
present report correspond even more closely to 
the “‘ congenital universal muscular hypoplasia ” 
described by Krabbe (1946). Krabbe’s case was 
reported again by Brandt (1950) and another has 
been described by Ford (1952). These two cases, 
which appear to be the only ones recorded, were 
limp, hypotonic babies and were late in sitting up 
and in walking. In later childhood, the muscles 
were seen to be reduced to a fraction of the normal 
bulk; a striking range of passive joint movement 
was still possible and the tendon reflexes were 
sluggish. The mother of Ford’s case appeared to 
be similarly affected and her muscular condition 
has remained stationary throughout life. A muscle 
biopsy taken from the child showed no abnormality. 
As Ford remarked, this condition is very like 
Turner’s congenital myopathy, except for the fact 
that in one of Turner’s cases muscle removed at 
necropsy showed focal degeneration of muscle 
fibres, changes which were interpreted as being 
myopathic in nature. However, Turner’s patient 
was suffering from bacterial endocarditis and died 
after a long period of recumbency; it is possible 
that the histological abnormality resulted from 
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the terminal disease and not from the long-standing 
muscular disorder. It seems that Krabbe’s “ con- 
genital universal muscular hypoplasia’, Turner’s 
** congenital myopathy” and “ benign congenital 
hypotonia with incomplete recovery” may be 
closely related, if not identical, and that muscle 
taken from such a case will usually show no significant 
abnormality if studied by means of conventional 
histological techniques. Certainly there is no 
convincing evidence to suggest that these patients 
are suffering from a true myopathy or muscular 
dystrophy. Progressive muscular dystrophy may 
rarely present with the clinical picture of amyotonia 
congenita in iniancy (Arthuis, 1954; Walton, 1956), 
but in such cases the muscular histology is typical 
of dystrophy and the patients show progressive 
deterio”stion. 

The differential diagnosis of cases of infantile 
hypotonia has been considered elsewhere (Walton, 
1956) and will not be detailed here. The relatively 
good spontaneous mobility of the limbs and the 
retention of deep reflexes which most cases of 


benign hypotonia show may be of great value in — 


diagnosis from infantile spinal muscular atrophy. 
However, in cases of doubt, electromyography and 
muscle biopsy, which usually give unequivccal 
findings in spinal atrophy, will be justified as these 
conditions differ greatly in prognosis. Differentia- 
tion from cases of symptomatic hypotonia may be 
made through recognition of signs of the primary 
disease, but more often this distinction, as with that 
between the cases of benign congenital hypotonia 
which will recover and those which remain disabled, 
must depend upon repeated clinical observations 
over a prolonged period. 


The Essential Pathology 

Apart from histological and electromyographic 
evidence in a small proportion of the cases reported 
above, little information is available to indicate 
the nature of the congenital abnormality or patho- 
logical process responsible for the clinical syndrome 
of benign congenital hypotonia. Hence the sugges- 
tions made below are largely speculative and 
inferential. 

It is apparent that the fault must lie either in the 
central nervous or peripheral (muscle spindle) 
mechanisms responsible for the control of muscle 
tone, or in the motor neurons, end-plates, or muscles. 
Arthuis (1954), who called the syndrome “ le 
retard dans l’apparition du tonus ”’, clearly believes 
that it is due to late maturation of the pathways 
controlling tone, but the condition of the patients 
in this series who recovered incompletely, as well 
as the small amount of electromyographic evidence, 
points to a more peripheral neuromuscular origin. 
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Clearly the condition is different from the commonly- 
occurring types of muscular dystrophy (Walton 
and Nattrass, 1954), while it is evident that poly- 
myositis could not be the cause, even though this 
disease in infancy may rarely give a clinical picture 
like that of amyotonia congenita (Bovet, 1936). 
Adams, Denny-Brown, and Pearson (1953) have 
suggested that some cases of recovery from amyo- 
tonia congenita may have been examples of infantile 
polyneuritis, but the cases in the present series with 
persisting disability show no evidence of peripheral 
nerve disease, and in one case the cerebrospinal 
fluid protein content was normal at the height of 
the disease. Myasthenia gravis can also be excluded 
as a cause, although a similar case with myasthenic 
features has been described (Walton ef. al., 1956); 
in Ford’s (1952) case, and in three cases of this series, 
prostigmine had no effect on the muscular weakness. 

Electromyography was carried out in five of the 
17 cases, and invariably revealed an excessive 
proportion of polyphasic and short-duration poten- 
tials during voluntary contraction. This type of 
abnormality is characteristically seen in myopathic 
disorders (muscular dystrophy, polymyositis), in 
which the number of muscle fibres in each motor 
unit is progressively reduced. Yet in six cases, 
including three of those subjected to electro- 
myography, muscle biopsy specimens were normal. 
Perhaps in these infants the number of muscle 
fibres in each motor unit was less than the normal 
number from birth. It may be significant that 
Coérs and Pelc (1954), who studied a single case 
which was probably of this type, found that the 
motor end-plates, when stained intravitally with 
methylene blue and with Koelle’s cholinesterase 
technique, were abnormal. Instead of the usual 
terminal arborization of the nerve fibre, leading to 
a relatively complex end-plate, the terminal fibre 
was single and the end-plates consisted of a single 
“button”. The authors suggested that the neuro- 
muscular apparatus was “ immature”. Two similar 
cases are referred to by Woolf and Till (1955). It 
seems possible that cases of “* benign congenital 
hypotonia” may be the result of an abnormality 
in neuromuscular development; the child may be 
born with immature motor units, perhaps populated 
with less than the normal number of muscle fibres. 
In some cases this abnormality is relatively slight 
and is overcome gradually by the processes of 
post-natal development so that the children eventu- 
ally recover completely, but in other instances the 
defect is too severe for this process of natural 
compensation and the patients have small, weak 
muscles throughout life. In an important recent 
contribution, Shy and Magee (1956) report five 
cases, all occurring in one family, in which the clinical 
6* 


manifestations were identical with those noted in 
many of the cases with incomplete recovery reported 
above. Histological and histochemical studies 
revealed that in these individuals there was a group 
of aberrant myofibrils in the centre of many muscle 
fibres and the fibrils of the central group gave a 
more positive periodic-acid-Schiff reaction than did 
the peripheral ones, while they also stained differently 
with the Gomori trichrome stain. These observa- 
tions suggest that in some cases the syndrome may 
result from a structural and biochemical abnormality 
of the muscle fibre; clearly many more cases must 
be examined with these modern techniques before 
we shall be able to draw definite conclusions con- 
cerning aetiology. 


SUMMARY 

Seventeen cases are reported, all of which were 
diagnosed as amyotonia congenita in infancy 
because of generalized hypotonia and weakness of 
the skeletal muscles, giving rise to an increased 
range of passive movement at the joints and delay 
in physical development. Eight cases recovered 
completely at some time between the fifth and 
fifteenth year of life while the other nine improved 
to some extent but have shown evidence of persisting 
muscular disability throughout life. The clinical 
syndrome observed in these 17 cases has been 
entitled ‘“‘ benign congenital hypotonia’’, “ with 
complete recovery *’ or “* with incomplete recovery ”’. 

Electrical testing of affected muscles gave no 
evidence of disease in the peripheral nerves. Electro- 
myography in two cases of the first group and in 
three of the second revealed an excessive proportion 
of polyphasic and short-duration potentials during 
voluntary contraction of affected muscles. Although 
these findings are suggestive of a myopathic disorder, 
muscle biopsy specimens from two cases which 
recovered and from four with residual disability, 
when studied by conventional methods, showed no 
abnormality. 

It is suggested that benign congenital hypotonia 
is a distinctive clinical syndrome which may result 
from a congenital neuromuscular abnormality of 
varying severity. In certain cases the abnormality 
is mild and may be overcome in time by the processes 
of post-natal development, while in others the 
defect is more severe and there is a residual disability 
which persists throughout life. The relationship of 
this syndrome to similar disorders previously 
described is discussed in detail. The importance of 
recognition of these cases and of diagnosis from 
infantile spinal muscular atrophy is stressed; they 
show that not all cases with the clinical picture of 
amyotonia congenita (‘‘ the syndrome of the limp 
child ’’) have a gloomy prognosis. 
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BOOK REVIEWS 


Studies on the Cerebral Cortex. By S. Ramon y Cajal. 
(Trans. by Lisbeth M. Kraft. (Pp. xi+ 179. 27s.) 
London: Lloyd-Luke. 1955. 


English speaking neurologists have reason to be grate- 
ful for any work by Cajal which becomes available in 
their language, and reason to complain that in fact so 
little of it is available. It would be a great boon to many 
of us if some research monies could be diverted to finance 
an English translation of Cajal’s great work on vertebrate 
neuroanatomy, and a new edition of his book on “ Degen- 
eration in the Nervous System’’. 

The present volume is a translation of a series of papers 
on the olfactory system and the limbic cortex which 
appeared in 1901 and 1902, and which contain the results 
of what is probably the most thorough single investigation 
of the structure of these regions that has been under- 
taken. The subject is topical, in view of the great interest 
which has recently been shown in the workings of the 
temporal cortex, and in the question of the functional 
relationship between the olfactory system on the one 
hand and the hippocampus and fornix system on the 
other. 

The translation is inelegant, often to the point of being 
barely English; on the other hand, the meaning of the 
sentences is almost always clear. Some of the terminology 
is not in current use, and one is not always sure to what 
extent named structures are peculiar to the animal species 
under investigation, and to what extent they are homo- 
logous with structures in the primate brain. The translator 
cannot be blamed for this; nonetheless, it would have 
been an added kindness if the producers of the book 
could have added an appendix setting out the relevant 
details of comparative anatomy, and a glossary of 
unfamiliar terms. 


Physiology of the Ocular and Cerebrospinal Fluids. By 
Hugh Davson. (Pp. viii + 388; 109 figures. 65s.) 
London: J. & A. Churchill. 1956. 


Dr. Davson’s book constitutes a major contribution to 
the literature of his subject. Unlike many of the mono- 
graphs published on highly specialized subjects, this book 
has the great merit of being clearly intended for a certain 
group of readers, namely, for those engaged in research 
on the problems of the formation and absorption of the 
ocular and cerebrospinal fluids and of the nature of the 
so-called barriers between the blood and the several 
fluids. For such, this book is an essential possession; 


‘but in addition Dr. Davson’s exposition of the funda- 


mental physiological principles involved is so clear that 
medical students (especially those reading for an honours 


degree in physiology) should also find some sections of it 
extremely useful. 

Although not himself either a neurologist or neuro- 
physiologist, the freshness of Dr. Davson’s approach to 
the problems of the cerebrospinal fluid, and the way in 
which these problems are presented in parallel with the 
analogous problems connected with the eye, makes this 
book most stimulating. But, at least as regards the C.S.F., 
he has not altogether resisted the temptation that besets so 
many workers in this field of theorizing beyond his 
evidence. The excellent bibliography could be made 
more useful in future editions if an index of authors were 
included at the end of the book. 


Clinical Examination in Neurology. Sections of 
Neurology and Section of Physiology. By Members of 
the Mayo Foundation. (Pp. xviii + 370; 76 figures. 
52s. 6d.) London: W. B. Saunders. 1956. 


This well-published handbook is written by 16 mem- 
bers of the Mayo Foundation. All teachers of neurology 
will find something worth copying, and perhaps also 
something to criticize in its pages. 


L’Oedéme Papillaire. By Paul Brégeat. (Pp. 864; 
170 figures, 14 colour plates. Fr. fr. 8,000.-.) Paris: 
Masson, 1956. 


This is a comprehensive and well published reference 
work on papilloedema and papillitis. The early chapters 
discuss the relevant anatomy and physiology and the 
physiopathology of oedema of the brain retina and optic 
nerve. The methods of investigation are then considered 
and in the later sections the clinical varieties of the 
condition are exhaustively dealt with. An extensive 
bibliography completes a useful work of reference. 


Progress in Neurobiology: 1. Neurochemistry, Ist ed. 
Ed. Saul R. Korey and John I. Nurnberger. (Pp. 244; 
29 figures, 41 tables. 50s.) London: Cassell. 1956. 


In 16 essays 23 contributors all actively engaged in 
working upon unsolved problems in neurology present 
their preliminary results. In many of these they are 
opening wider vistas for themselves and for others. The 
essays of Scheinberg on hepato-lenticular degeneration, 
of I. B. Wilson and Altamirano on the acetylcholine 
mechanism, Tower on the biochemical lesions in epilepto- 
genic cortex, and of Kennedy on the gross cerebral 
metabolism of children are outstanding. 
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Progress in Neurobiology, Vols. I and II (Proceedings 
of the First International Meeting of Neurobiologists). 
Edited by J. Ariéns Kappers. (Pp. xii + 384; illustrated. 
65s.) London: Cleaver-Hume Press; Amsterdam: 
Elsevier Publishing Co. 1956. 


This publication reports the Proceedings of the First 
International Meeting of Neurobiologists held in August. 
1955. Those who are interested in, but not engaged in 
neurophysiological researches will find in these papers 
some valuable indications of the trends of current work. 
They include a study of the distance which separates 
individual cortical nerve fibres from each other, and the 
site of fibre synapses in the cortex, the inhibitory pathway 
to motoneurones, the possible function of the pineal 
gland, and the fibre structure of the reticular formation. 


Fundamentos de Diagnostico y Tratamiento en Neuro- 
cirugia, 2nd ed. By S. Obrador Alcalde. Madrid: 
Editorial Paz Montalvo. 1957. 


This is the second, and enlarged, edition of a textbook 
of neurosurgery which was first published six years ago. 
The author is one of the outstanding neurosurgeons in 
Spain, and has had: much to do with the development of 
his specialty in that country. He began his training in 
England under the late Sir Hugh Cairns, and served his 
apprenticeship in Mexico before returning to start a 
neurosurgical clinic in Madrid. 

The book, written in Spanish, is a sound exposition of 
current neurosurgical thought and practice. There are 
chapters on clinical diagnosis, special investigations, 
pathology, infections, tumours, epilepsy, malformations, 
neuralgias, extrapyramidal syndromes, and technique— 
on all of which subjects the author writes with the 
authority of a considerable experience. There is a com- 
prehensive bibliography. The numerous illustrations are 
adequate but on the whole they do not match the 
excellence of the text. 

This is a useful volume for those who read Spanish and 
no well-found library should be without it. 


Troubles Mentaux au cours des Tumeurs Intracraniennes. 
By H. Hécaen and J. de Ajuriaguerra. (Pp. 154, 7 figures. 
Fr. fr. 1,500.-) Paris: Masson. 1956. 


This monograph is based on the authors’ personal 
experience of 439 cases of cerebral tumour of which 229 
were studied because of mental changes. There is an exten- 
sive description of the nature of these changes which are 
subdivided into confusional states and dementia, dis- 
orders of personality, and episodic effects such as 
hallucinations. This classification forms the basis of 
several tables which demonstrate cons .derable localizing 
value of certain symptom-complexes. The section on 
tumours of the mesencephalon and diencephalon is 
particularly interesting because of the occurrence of 
defects of memory and Korsakow’s syndrome, of which 
four cases had tumours accurately localized in the region 
of the mammillary bodies. The bibliography contains 
many references to the French literature. The work is a 
very useful survey of the mental changes in cerebral 
tumours and their value in localization. 


Psychopathology of Children with Organic Brain 
Disorders. By Lauretta Bender. (Pp. xi + 151; 23 figures, 
40s.) Oxford: Blackwell Scientific Publications; Spring- 
field, Ill; Charles C. Thomas. 1956. 


This book is the fourth in the series of Bellevue Studies 
of Child Psychiatry. It discusses the psychopathology of 
children frustrated by various organic brain disorders, 
such as congenital deviations, birth injuries, encephalitis, 
cerebellar disorders, head injuries, and maturation 
defects. It consists essentially of papers published over 
the last 25 years or so by Professor Bender and her 
colleagues, some re-written with new material. It is 
doubtful whether a collection of papers can be welded 
into a successful textbook, and one gets the impression 
that this book is a collection of fragments, albeit inspired 
fragments. It lacks balance, and important subjects, such 
as congenital diplegia and epilepsy, are not allowed 
their due importance. Professor Bender has rendered a 
service by making these scattered papers available in a 
more convenient form ; but it should not be assumed 
that the book provides a balanced and thorough coverage 
of its subject. 
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Die Beurteilung der Zurechnungsfahigkeit, 3rd ed. 
By Kurt Schneider. (Pp. 36. DM 2.70.) Stuttgart: Georg 
Thieme. 1956. 


A Textbook of Psychiatry, 8th ed. By Sir David 
Henderson and the late R. D. Gillespie. (Pp. xii + 746. 
35s.) London: Oxford University Press. 1956. 


Studies on the Morphogenesis of the Brain in Struthio 
Camelus L. (Morphogenesis of the Vertebrate Brain VI). 
By Knud H. Krabbe. (Pp. 33 + 31 figures on 11 plates. 
Dan. Cr. 25.-.) Copenhagen: Ejnar Munksgaard. 1956. 


Psychiatrie Pratique. By Roger Coulonjou; Foreword 
by J. Lhermitte. (Pp. 254. Fr. fr. 1,850.-.) Paris: 
Doin. 1956. - 


Handbook on Poliomyelitis. By Joseph Trueta, A. B. 
Kinnier Wilson and Margaret Agerholm. (Pp. vii + 
139; 26 figures. 20s.) Oxford: Blackwell Scientific Pub- 
lications. 1956. 


La Thérapeutique par la Chlorpromazine en Pratique 
Psychiatrique. By L. Revol and his collaborators; 
Foreword by Henri Ey. (Pp. 154. Fr. fr. 800.-.) Paris: 
Masson. 1956. 


La Psychoanalyse D’Aujourd’hui, Vols. I and II. 
By S. Nacht; Foreword by E. Jones. (Pp. 867.) Paris: 
Presses Universitaires de France. 1956. 
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Juvenile Delinquency Proneness. A Study of the 
Kvaraceus Scale. By Joseph K. Balogh and Charles C. 
Rumage. (Pp. 35. $1.00.) Washington, D.C.: Annals 
of American Sociology (Public Affairs Press). 1956. 


The Study of Mind in Relation to Brain Function 
(Inaugural Lecture). By K. R. L. Hall. (Pp. 22. 3s. 6d.) 
London: Oxford University Press. 1957. 


Mental Deficiency in Relation to Problems of Genesis, 
Social and Occupational Consequences, Utilization, 
Control and Prevention. By J. E. Wallin; Foreword by 
Frederick C. Thorne. (Pp. xv + 200. $5.00.) Brandon, 
Vermont: Journal of Clinical Psychology. 1956. 


Der Wahnkranke in Lichte Alter und Neuer Psy- 
chopathologie. By Kurt Kolle. (Pp. 56. DM 4.80.) 
Stuttgart: Georg Thieme. 1957. 


Fundamentals of Clinical Neurophysiology. By Paul O. 
Chatfield. (Pp. xiv + 392; 151 figures. 63s.) Oxford: 
Blackwell Scientific Publications; Springfield, Illinois: 
Charles C. Thomas. 1957. 


Epileptic Seizures. Edited by John R. Green and 
Harry F. Steelman. (Pp. xii + 168; 17 figures. 40s.) 
London: Bailliére, Tindall & Cox. 1956. 


L’instinct dans le comportement des animaux et de 
homme. By various authors. (Pp. 796; 206 figures. 
Fr. frs. 6,500.-.) Paris: Masson. 1956. 


Le Delirium Tremens. By R. Coirault and H. Laborit. 
(Pp. 140; 21 figures. Fr. frs. 1,200.-.) Paris: Masson. 
1956. 


Der Hirnabszess. By Gerhard Weber. (Pp. viii + 185. 
DM 29.70.) Stuttgart: Georg Thieme. 1957. 


Die Storungen der Schriftsprache (Agraphie und Alexie). 
By A. Leischner. (Pp. 288; 47 figures. DM 30.-.) 
Stuttgart: Georg Thieme. 1957. 


Die Periphere Innervation. By Eugen Ludwig. (Pp. 
210; 20 figures. Sw. frs. 20.-.) Basel and Stuttgart: 
Benno Schwabe. 1957. 


Die Prognose der Wirbelsdulenleiden. By J. E. W. 
Brocher. (Pp, viii + 67; 33 figures. DM 12.80.) Stutt- 
gart: Georg Thieme. 1957. 


Brain Mechanisms and Drug Action. A Symposium: 
Fourth Annual Scientific Meeting of the Houston 
Neurological Society. Edited by William S. Fields. 
(Pp. ix + 147; illustrated, 32s. 6d.) Oxford: Blackwell 
Scientific Publications; Springfield, Illinois: Charles C. 
Thomas. 1957. 


Tranquilizing Drugs. Edited by Harold E. Himwich. 
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SHERRINGTON CENTENARY 


This is the centenary year of the birth of Sir Charles 
Scott Sherrington, O.M., a founder and main architect 
of the physiology of the nervous system. The Royal 
Society of Medicine, wishing to pay tribute to his life and 
work, proposes to raise a fund towards a Sherrington 
Lecture, for the furtherance of knowledge on the nervous 
system, to be delivered from time to time in the Society’s 
rooms in London. 

It is felt that many will wish to contribute: both those 
who were his friends, pupils and colleagues, and those, 
more numerous, who, as patients, doctors and scientists, 
have benefited indirectly from his work. 

We wish to take this opportunity to commend the 
endeavour of the Royal Society of Medicine to establish 
this memorial to a great pioneer in scientific medicine. 

Donations should be made payable to the Secretary, 
The Royal Society of Medicine, 1 Wimpole Street, 
London, W.1, and cheques crossed “* Sherrington 
Memorial ”’. 


Str RussELL BRAIN, Bart., D.M. 
President, Royal College of Physicians 


Sir Linpor Brown, C.B.E., F.R.S. 
Foreign Secretary, Physiological Society 


PROFESSOR JOHN FULTON, M.D., 
Stirling Professor of the History of Medicine, 
Yale University 


Mr. W. R. HENDERSON, O.B.E., F.R.C.S., 
President, Society of British Neurological Surgeons 


PROFESSOR SiR CyrRIL HINSHELWOOD, M.A., D.Sc., F.R.S., 
President of the Royal Society 


PROFESSOR E. G. T. LIDDELL, F.R.S., 
Waynflete Professor of Physiology, University of Oxford 


Mr. D. W. C. NorTHFIELD, M.S., F.R.C.S., 
President, Section of Neurology, 
Royal Society of Medicine 


Str CLEMENT Price THOMAS, K.C.V.O., F.R.C.S., 
President, Royal Society of Medicine 


Sir CHARLES SyMONDS, K.B.E., C.B., D.M., 
President, Association of British Neurologists 


Str FRANCIS WALSHE, M.D., F.R.S., 
Chairman, Sherrington Memorial Committee, 
Royal Society of Medicine 
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BOOK REVIEWS 


First International Congress of Neurological Sciences 


The first international congress of neurological sciences 
will be held in Brussels from Sunday, July 21, to 
Sunday, July 28, 1957. 

This comprises the 6th International Congress of 
Neurology, Ist International Congress of Neurological 
Surgery, 3rd International Congress of Neuropathology, 
4th International Congress of E.E.G. and Clinical 
Neurophysiology, 5th Symposium neuroradiologicum, 
and the 5th Meeting of the International League against 
Epilepsy. 

The main topics set down for discussion at the Con- 
gress are as follows :— 


Extrapyramidal Disease 
Symposia< Significance and Interpretation of Modi- 


fications of Consciousness 
Multiple Sclerosis 


Supratentorial Angiomata 
Therapeutic Uses of Hypothermia 
Stereotaxic Methods 


Pathological Aspects of Multiple Sclerosis 

Neuropathology of Ionizing Radiation 

Muscle Diseases (Pathology) 

Tumours of Peripheral Glia 

Brain-stem (Pathology) 

Systemic Degenerative Diseases of the 
Nervous System 


Subcortical and Temporal Epilepsy 


The Interpretation of Normal and Patho- 
logical Electromyograms 

The Ontogenesis of the E.E.G. 

The E.E.G. in Conditioned Behaviour 

The E.E.G. in Epilepsy 

E.E.G. Abnormalities 
Cerebral Pathology 


in Relation to 


If you wish to attend the Meeting further details and 
forms for membership may be obtained from the Secre- 
tary of the British National Committee of the 6th 
International Congress of Neurology: 


Mr. Valentine Logue, 
Maida Vale Hospital for Nervous Diseases, 
Maida Vale, London, W.9. 


The fees payable are as follows: 


Full Membership we ia - 6.0.4 


Associate Membership (doctors not . 
engaged in these specialties) .. £4.0.0 


Auxiliary Members (non-medical mem- 
bers, such as dectors’ families) in) Mees coe 
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EXPERIENCES IN THE TREATMENT OF RUPTURED 
INTRACRANIAL ANEURYSMS 


BY 


THE LATE CECIL A. CALVERT* 


Fron. .«e Royal Victoria Hospital, Belfast, Northern Ireland 


Since the inauguration of the neurosurgical depart- 
ment six and a half years ago, 162 cases of verified 
spontaneous subarachnoid haemorrhage have been 
admitted to the Royal Victoria Hospital and surgical 
aid was sought in 117 of these patients. Our material 
does not include any infraclinoid aneurysms but 
relates only to those saccular aneurysms which, 
situated intradurally, have ruptured into the subar- 
achnoid pathways or cerebral substance, or, in a 
few cases, into the subdural space. 

Angiography had not been done or had failed on 
13 of the 117 cases. In 26 instances in which it was 
performed successfully, no aneurysm was revealed 
but it is probable, even when bilateral carotid 
angriography proved to be negative, that some 
aneurysms arising from the vertebral system escaped 
detection, as this approach was only employed in 
seven of these cases. Only one example was found 
of a saccular aneurysm of the vertebro-basilar 
system; it was on the posterior cerebral artery at 
the junction with the posterior communicating 
artery and was not operated on. 

In 16 patients in whom an aneurysm had been 
demonstrated by angiography, operation was not 
undertaken for various reasons. Thus, refusal to 
have any further treatment accounted for five cases. 
In five others it was because they were critically ill 
at the time of angiography, death taking place in 
four cases as a direct result of the procedure, and in 
the fifth case the aneurysm rupturing fatally a few 
hours later. Of the remaining six patients in whom 
no operation was performed, two were in coma and 
hemiplegic, and as such considered too ill, but four 
made a good initial recovery. Two of these, one 
with a middle cerebral and the other with an internal 
carotid aneurysm, left hospital in good health. 
Although one died two months later of further 





* Prepared by Dr. R. S. Allison (Belfast) and Dr. John F. Mullen 
(Chicago) from notes used by the late Cecil Calvert for a paper which 
he delivered to the Society of British Neurological Surgeons in 1954 
at Belfast. Unfortunately it has not been possible to trace any notes 
referring to the detailed interpretation of Tables I, II, III, and IV 
which Mr. Calvert gave during the course of his address. 


haemorrhage, the other has continued in good 
health up to the present time, nearly six years later. 
The third patient had a severe hemiplegia and gross 
intellectual deterioration, for which reason opera- 
tion was not recommended. The remaining patient, 
whose aneurysm was on the upper limb of the 
carotid syphon, was hypertensive and reacted severely 
each time carotid compression was tried. It was 
considered inadvisable to proceed further with 
ligation of vessels in the neck. 


Ruptured Intracranial Aneurysm Treated by 
Operation 

It has been our usual practice to employ ligation 
of the carotid vessels in the neck for aneurysms on 
the supraclinoid portion of the internal carotid, 
and to have recourse to an intracranial procedure 
for those situated on the anterior part of the circle 
of Willis and its branches, and for those on the 
middle cerebral artery. This policy was adopted 
partly because of the risks attending carotid ligature, 
but also on the assumption that although such 
occlusions would result in permanent reduction in 
intra-arterial pressure and expansile thrust of the 
blood as high as the internal carotid bifurcation 
they would not be likely to have more than a tem- 
porary effect on pressures in the circle of Willis and 
its branches. However, the work of Bakay and 
Sweet (1953) and others in regard to direct measure- 
ment of intra-arterial pressure distal to the point of 
occlusion of the carotid vessels in the neck appears 
to indicate that our reasoning in the latter respect 
may have been incorrect. 

Operative treatment was undertaken in 62 cases, 
and of these 13 died, a death rate of 21% (Table I). 
Four of the patients who did not survive were deeply 
comatose when first seen and interference was 
limited to evacuation of large haematomata. There 
can be little doubt that they had already suffered 
overwhelming cerebral damage. Another patient, 
who had been admitted in coma after a third lumbar 
puncture, had a subtemporal decompression with 
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exploration for clot a few hours afterwards, but 
died the same day. Post-mortem examination 
revealed necrosis of the tips of both cerebellar tonsils. 

Fifty-seven patients each had a definitive surgical 
procedure and amongst these there were eight 
deaths—a mortality rate of 14%. Two died follow- 
ing carotid ligation for an aneurysm on the upper 
limb of the carotid syphon; one of them had made a 
good recovery from the immediate effects of the 
subarachnoid haemorrhage, but, although carotid 
occlusion was employed with all the usual safeguards, 
he passed into coma 12 hours after operation and 
died the same day. The other case was a woman 
aged 42, who had been admitted shortly after a 
third haemorrhage which had occurred on the 
fourteenth day of her illness. She was much con- 
fused and drowsy and had a complete third nerve 
palsy with meningeal signs. Angiography had to be 
deferred twice during the succeeding 10 days on 
account of two further haemorrhages. Eventually, 
although she was still acutely ill, contrast injections 
were made and on the same day the lumen of the 
common carotid artery was reduced to about a 
half. This procedure was well tolerated and three 
days later occlusion of the common carotid was 
completed. But after a lapse of a further 24 hours 
she quickly became comatose and died within six 
hours, despite removal of the ligature. As necropsy 
was not permitted, I do not know whether the fatal 
issue was determined by cerebral ischaemia or 
further haemorrhage. 

In the other six patients who died after operation, 
a direct attack was made on the aneurysm. Three 
were very ill at the time. One, an elderly doctor with 
an anterior communicating aneurysm, had had an 
initial haemorrhage of moderate severity and three 
subsequent severe haemorrhages at intervals of four 
or five days, each one resulting in coma. He rallied 
temporarily after evacuation of clot, first in one 
and then in the other frontal lobe. But directly after 
the fourth relapse, in desperation, we turned a 
bifrontal flap and evacuated large recurrent clots 
from both frontal lobes. The aneurysm was then 
isolated, wrapped in muscle and a ligature tied 
around its neck. He died five days later and was 
found to have extensive oedema of both frontal 
lobes. The second case had severe subarachnoid 
bleeding from a middle cerebral aneurysm and there 
was a large intracerebral temporal haematoma. 
An anaesthetic was not required nor did the vein 
bleed when an intravenous drip was set up. A bone 
flap was reflected, the clot evacuated and theaneurysm 
wrapped in wool. For the first two days after 
operation it looked as if the patient might pull 
through, but coma then supervened fairly quickly 
and she died three days later. At necropsy it was 


found that there had been no recurrence of bleeding, 
but the middle cerebral artery was completely 
thrombosed. The third case was that of a woman 
operated upon (while in coma with a flaccid hemi- 
plegia) 18 hours after a second haemorrhage on 
the sixth day after the initial rupture. Intracranial 
tension was marked but relieved by evacuation of a 
large clot in the frontal lobe, so that the aneurysm 
was isolated without great difficulty. The sac was 
adherent to the opposite anterior cerebral artery, and 
as it was not possible to isolate the parent artery 
proximal to the aneurysm, the sac was enclosed in 
muslin net and fibrin foam. Forty-eight hours later 
the patient had much improved, was moving all 
limbs and able to answer simple questions; but then 
she fairly quickly relapsed and died two days later. 
Necropsy revealed fresh clot in the cavity in the 
frontal lobe, which communicated with the ventricle. 

Of the remaining three patients who died after a 
definitive operation, all were deteriorating following 
a second haemorrhage, and operation was under- 
taken earlier than one would have wished because 
it was felt that further delay might be hazardous. 
One patient had a middle cerebral aneurysm with a 
small haematoma, which was evacuated, situated far 
medially in the upper part of the frontal lobe. 
Although careful search was made for the aneurysm, 
it was not found. The contrast shadow in the 
angiograms had not been entirely convincing, and 
the wound was closed in the belief that there was 
probably an aneurysm of the anterior communicating 
artery. Death occurred two days later without 
consciousness being regained. Necropsy showed a 
small aneurysm on the middle cerebral artery which 
had bled again post-operatively. The second case 
was also one of a middle cerebral aneurysm; two 
clips had first been applied to obliterate the sac, 
but when a third clip was tightened on the neck, it 
unfortunately tore off close to the parent artery. 
Bleeding was controlled by application of muscle 
to the artery and after a delay of 20 minutes, during 
which the field remained dry, the wound was closed. 
However, sudden torrential bleeding recurred three 
hours post-operatively and led to death in about 
10 minutes. The third case was a woman of 22 with 
an aneurysm extending upwards from the internal 
carotid bifurcation. Operation was undertaken five 
days after a second haemorrhage, when the brain 
was still rather tense and exposure difficult. The sac 
unfortunately ruptured just as it was coming into 
view, and bleeding was so profuse that the blood 
pressure became unrecordable within a few minutes. 
Haemorrhage having by then considerably lessened, 
it was possible to apply several clips so as to obliter- 
ate the aneurysm. There was still some oozing from 
the point of confluence of the aneurysm and the 
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anterior cerebral artery, and a clip was placed on 
the latter completely controlling the bleeding. Post- 
operatively the circulatory condition improved but 
consciousness was never regained; there was a 
contralateral flaccid hemiplegia and she died five 
days later in spite of bilateral subtemporal decom- 
pression. Necropsy showed that there had been no 
recurrence of bleeding and death was presumed due 
to ischaemia from occlusion of Heubner’s artery. 
To summarize results, of the 26 cases of supra- 
clinoid internal carotid aneurysm treated by ligation 
in the neck, there were as described two deaths. Four 
of the remaining 24 cases developed hemiplegia after 
operation from which they made a good recovery. 
A number of other patients had various neurological 
defects before operation, such as partial or complete 
third nerve palsy, hemiparesis, impaired vision from 
subhyaloid haemorrhage, or optic atrophy. In all 
instances in which there was hemiparesis, recovery 
of function ensued, but three patients remain blind 
in one eye and another is nearly so. In five there is 
still residual weakness of the oculomotor mechanism. 
One patient died a year after carotid ligation from 
cancer of the lung. The patients with oculomotor 
and visual defects are still in good health and doing 
full work, except for one middle-aged woman with 


arterial hypertension. Twenty of the patients who 
were operated upon have no residual disability, and 
in no case surviving carotid ligation has there been 
recurrent rupture of the aneurysm. 

Amongst the 31 patients in whom a direct attack 
was made on the aneurysm, there were six deaths. 
Of the latter, as recounted above, three were very 
ill, but the other three, although with raised intra- 
cranial tension, were no more than drowsy, but 
nevertheless deteriorating at the time of operation. 
These patients might have recovered if rupture of the 
aneurysm could have been avoided at the time it 
was being dealt with, and in the third, if the lesion 
had not eluded detection. In two of the very ill 
patients, death was probably inevitable, but in the 
third, the fatality must be explained by the fact that 
wrapping the sac with muslin net and fibrin foam 
did not give adequate protection. Of the 25 patients 
who survived direct treatment to the aneurysms, 
all are still alive—at varying periods from a few 
months up to six years later. A little over a third 
of these had more or less severe dysphasia and/or 
hemiparesis pre-operatively, but in all except two, 
hemiplegia has cleared. The exceptions are still 
severely handicapped by dysfunction of the paretic 
arm. Dysphasic disabilities have proved more 























TABLE I 
62 CASES OF RUPTURED INTRACRANIAL ANEURYSMS TREATED BY OPERATION 
| 
| _Deaths Alive Six Months to Five Years Later 
No.* | , 
. Post- | 
Site of Aneurysm of | . Later from | 
Cases | Operative No | Slight | Light 
Fresh Other | Disability | Disability | Work Only 
| Rupture Cause | 
Supraclinoid internal carotid | 30 | 30%) ont | 1 | 5 wea 
Middle cerebral | 16 | 6(37%) _ — | 7 3 — 
Anterior communicating ; fi | 2 (18%) _— | —_— 7 1 1 
Anterior cerebral | 3 1 (33%) — — 1 _— 1 
Bifurcation internal carotid |} 2 | 160% — | —- | -—- | = 1 
TO ge te oe, oe | | Oe | | Oe 9 4 





*9 cases in coma. 

















TABLE II 
30 OPERATIVE CASES OF SUPRACLINOID ANEURYSM 
ie Time of Operation | Died seak: Alive Menthe-Years 
Procedure of Ist 2nd Post- Operative 
Cases Week | Week Later Oper- Later Complications No Neural 
atively Disability Defect 
Exploration for clot 1 1 _— — 1 _— _— _ _— 
Direct attack, sac wrapped in muscle 3 —_/i-—- 3 — _— —_— 2 1 
Ligation of common carotid 8 3 | 2 3 1 _ ag 7 — 
Ligation of internal carotid 6 — |} 1 5 1 ~~ _ 5 — 
Comm. followed by internal ligation 12 — 2 10 — | 2* 6 $e¢ 
(cancer) 
Total .. ox oa isd 30 a 5 21 3 1 4 20 6 
































No operation—4 cases: 
1 refused operation. 
1 compression not tolerated. 
1 comatose. 
1 operation not advised. 


* Temporary hemiplegia. 


** Partial III Rd. 
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TABLE III 


24 CASES OF MIDDLE CEREBRAL ANEURYSM 
(16 cases operated on and 8 cases unoperated) 


















































6 Died 2 Alive 
While in From Later Well With Neural 
Hospital Recurrence Defects 
4 4 1 1 
Soon after angiography (8 months) Poor insight 
(9 months) 
OPERATION RESULTS IN 16 CASES 
| ite Time of Operation Alive 
f | Pre-Operative Died 
Procedure Sel ae Ist 2nd Neural 
Cases Condition Week Week Later Well Defect 
Evacuation of clot only 4 4 in coma 4 - - 4 - _ 
Evacuation of clot, wrapping with muscle 2 1 in coma, 1 - 2 1 - 2 
2 Hemiplegic Dysphasia 
Neck of sac clipped 2 1 Hemiplegic 1 - 1 1 - 
Wrapping with muscle and/or muslin 7 7 Hemiparetic or - 2 5 - 6 1 
Dysphasic Dysphasia 
Definitive operations 12 — y 2 8 2 3 
TABLE IV 
11 OPERATIVE CASES OF ANTERIOR COMMUNICATING—A.I. ANEURYSMS 
No Time of Operation Alive 
Procedure Coles) Within Within Died No Neural 
4 Days 3 Weeks Later Disability Defect 
Anterior cerebral—A.I. clipped 9 1 z 5 1 4, 3-5 yr. 1, impaired 
(in coma) a, & 9. vision 3 yr. 
1, recent 1, weak R. leg 
Wrapped in muscle and pericranium 1 - - 1 - i, Id yr. - 
Ligation neck of sac 1 1 - - 1 - - 
(in coma) 
Total ne a i 11 2 2 6 Fj 2 





No operation (3)—2 refused ; 1 in coma. 


refractory, and although all have much less dis- 
turbance of speech than they had, two men doing 
the major part of their farm work have still fairly 
severe dyslexia. Of nine patients who had the first 
part of the anterior cerebral artery clipped for 
aneurysms on the anterior communicating and 
second parts of the anterior cerebral artery respec- 
tively, one has a minimal weakness of the opposite 
foot and the other, a hypertensive man, aged 53, 
is unable to work because of intellectual deteriora- 
tion. Altogether 17 of the 31 patients in whom the 
aneurysm was dealt with directly have no residual 
disability and are at their ordinary work. The 
results are summarized in Tables I, II, III, and IV. 


Discussion 

In a patient acutely ill after initial rupture-of an 
aneurysm the first problem to decide is how soon 
operative measures can be instituted with the object 
of protecting him against a second haemorrhage. 
When death results in the first 48 hours, the initial 
haemorrhage has usually been of such magnitude 
that neither medical nor surgical measures are of 
any avail. In such severe cases surviving the first 


two or three days, the cerebral circulation is only 
precariously balanced against the high intracranial 
tension. To reduce the blood flow to one hemisphere 
by carotid ligation is obviously unwise because the 
systemic blood pressure, elevated at the insistence 
of the cardiovascular centre, is scarcely more than 
sufficient to maintain adequate oxygenation of the 
brain. Equally unwise is it to inflict further trauma 
on an already dangerously swollen brain by forcing 
access to the aneurysm, the rent in which is insecurely 
plugged by fibrinous clot. This is usually only too 
readily dislodged and such an event will almost 
certainly determine a fatality in critically ill patients. 
There is thus an interim period following the initial 
rupture, varying in length from case to case, during 
which intracranial mechanisms are gradually re- 
covering and when a watchful conservation is the 
wisest course. 

As soon as vital processes show signs of stabilizing, 
an electro-encephalogram should be done, for not 
only are intracerebral clots lateralized thereby, but 
the side of the aneurysm may be indicated when 
neither history nor clinical findings afford a clue. 
In order to apply operative measures logically when 
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the opportune moment has arrived, it is necessary 
to have precise information about the aneurysm 
itself, and as to whether there is a complicating clot 
or some anomaly of the circle of Willis. This 
information can be furnished only by angiography, 
but we do not employ the investigation until severe 
signs of generalized cerebral dysfunction are on the 
wane, for as already mentioned we have had four 
deaths directly attributable to diodone injections 
in critically ill patients. 

In some severely ill patients improvement occurs 
up to a certain stage but is then not further main- 
tained, slow retrogression setting in. In some such 
cases intracerebral clot is chiefly responsible for 
raised intracranial tension and careful evacuation 
of the haematoma through a large burr hole by 
means of a sucker is of value. In other cases, such 
as a middle cerebral aneurysm complicated by a 
large temporal lobe clot, reflection of a small lateral 
bone flap and evacuation of extravasated blood may 
even facilitate direct treatment of the aneurysm 
itself. 

When signs indicate that the cerebral circulation 
is no longer labouring under duress, when, for 
example, the systemic blood pressure has returned 
to normal for at least a few days and clouding of 
consciousness has considerably diminished, then 
the decision has to be made whether carotid occlusion 
or direct attack on the aneurysm is the safer course. 
There is also the question as to which of these pro- 
cedures may be applied earlier with reasonable 
safety—an important matter regarding which there 
is little information available in the literature. There 
are so many variables to be considered that decision 
is very difficult. For example, one must evaluate 
the site of the lesion and which is its parent artery, 
the possibility of complicating clot or some anomaly 
of the circle of Willis, whether the patient is still 
acutely ill with swollen brain and parlous cerebral 
circulation or has sufficiently recovered from the 
immediate effects of the haemorrhage so as to make 
operation feasible. Not the least of the many 
difficulties is lack of precise knowledge as to the 
permanence of the protection afforded either by 
occlusion of the carotid arteries in the neck or by 
the various local devices that may be employed in 
dealing with the sac. My own limited experience 
would not warrant an attempt to formulate guiding 
principles in making a choice betwen carotid 
ligature and direct attack, or in deciding the earliest 
stage at which either of these procedures may be 
employed with reasonable safety, but I would be 
most interested to know the view of others with 
wider experience in this connexion. 

The only certain method of excluding risk of 
recurrence would appear to be excision of the sac 


along with that portion of the parent artery from 
which the aneurysm springs, or to clip or ligate the 
latter immediately proximal and distal to the 
aneurysm, when the blood supply of the parent 
artery is dispensable. That clipping or ligating the 
neck of an aneurysm gives certain protection is 
probably not true, for there still remains the patho- 
logical area in the wall of the parent artery. As 
regards the respective merits of occlusion of the 
carotid arteries in the neck and the local measure 
of wrapping the sac with muscle or other materials, 
probably long follow-up studies are not yet suffi- 
ciently numerous to permit of firm conclusions. 

Carotid ligation has the advantage over direct 
attack of being technically much simpler and one 
can apply various tests which will afford some 
(although by no means infallible) guides as to its 
safety. Whether one can make the procedure 
safer by direct recordings of intra-arterial pressure 
and so regulating the degree of carotid occlusion 
as to avoid precipitous drops in systemic and pulse 
pressures I do not know. However, in a recent case, 
that of a woman with an aneurysm on the upper 
limb of the carotid syphon giving rise to residual 
dysphasia, but no other signs, five weeks after 
rupture, the lumen of the left common carotid was 
reduced by about one-third, leaving the internal 
carotid pressure at 76°% of the normal. Nevertheless, 
three hours later the procedure was followed by 
signs of severe cerebral ischaemia. 

There remains the question whether carotid 
ligation in the neck will afford as lasting protection 
as local measures for aneurysms situated above the 
internal carotid bifuraction. For those on the 
anterior communicating artery it seems improbable 
that it could. For those on the middle and anterior 
cerebral arteries it is doubtful, for we do not know 
whether intra-arterial pressure may not build up 
again in some cases to such an extent as eventually 
to threaten rupture of the aneurysm. 

As regards the local measures which may be 
employed during a direct attack, I must confess I 
have but rarely come upon an aneurysm with a neck 
that one felt could be clipped or ligated safely. As 
a rule I have resorted to wrapping the sac with 
muscle or muslin net and muscle. What degree of 
permanent security such a procedure affords our 
follow-up is much too short to indicate, but so far 
we have had only one case so treated in which fresh 
haemorrhage occurred two days post-operatively, 
and none in which the sac later gave way. As regards 
anterior communicating aneurysms, I feel that the 
method we have employed in nine cases is open to 
criticism. Thus when the aneurysm only filled 
by injection from one side, we have clipped the 
first part of the corresponding anterior cerebral 
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artery as close to the neck of the sac as possible 
in the hope of getting rid of the “jet” effect of 
blood within the aneurysm. However, there has not 
been any recurrence of bleeding in any of these 
patients and all are alive and well five and a half 
years later, except a boy, aged 9, who has still slight 
weakness of the contralateral foot after three years, 
and a hypertensive man, aged 53, with an aneurysm 
on the second part of the left anterior cerebral 
artery. In his case clipping of the first part of this 
vessel resulted not only in increased dysphasia but 
also in temporary severe right-sided hemiparesis. 
You will recall also the case already cited in which 
an aneurysm at the internal bifurcation ruptured 
during exposure, and in which clips were applied 
both to the sac and the first part of the anterior 
cerebral artery. This patient had a contralateral 
hemiparesis post-operatively and died. 

In conclusion, I admit it is possible that our 
results might have been better had we employed 
carotid occlusion for some of the aneurysms at or 
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above the internal carotid bifurcation, instead of 
waiting until the patient’s condition appeared 
propitious for direct attack, for in some of these 
bleeding recurred during the delay. However, I am 
not entirely convinced that of the indirect and direct 
methods of attack, carotid occlusion can be applied 
with reasonable safety any earlier after the acute 
episode, or that it certainly affords as enduring 
protection as direct measures. I think it is worth 
while continuing with investigations as to the per- 
manency of falls in arterial pressure caused by 
carotid occlusion in the hope that the information 
obtained thereby may lead to earlier and safer 
application of measures designed to prevent re- 
current bleeding, not only in the treatment of 
aneurysms of the supraclinoid portion of the internal 
carotid, but also at its bifurcation and on the middle 
cerebral artery. 
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ON THE ADVANTAGES OF OPENING CERTAIN 
INTRACRANIAL ANEURYSMS* 


BY 


J. R. GIBBS 


From the South-east Metropolitan Regional Neurosurgical Centre Brook General Hospital, Woolwich, Lendon 


Of the various techniques available in the treat- 
ment of intracranial aneurysm, none is universally 
applicable to any particular type of case, and it is 
unwise for a surgeon to be habitually committed to 
any one procedure, or to attack an aneurysm with 
a fixed plan in mind. 

Three cases of intracranial aneurysm are reported 
here, two on the middle cerebral artery and one on 
the internal carotid artery in the cavernous sinus. 
They each illustrate some of the indications for 
opening an aneurysm deliberately. 

With regard to the middle cerebral aneurysms, 
there seem to be three indications for herniotomy: 
(1) A sac so large and thin walled that it cannot 
safely be retracted to afford a proper view of its 
origin; (2) a wide neck to the aneurysm, a quite 
common finding in middle cerebral cases, and 
generally speaking the larger the sac the more sessile 
it is; (3) an anatomical arrangement discovered at 
the neck likely to endanger the patency of the parent 
vessel when the neck is ligated or clipped. 

Atraumatic proximal occlusion of the middle 
cerebral artery is an essential preliminary to hernio- 
tomy, and it is therefore proposed to describe first 
the clamp which has been used (Fig. 1). 

It has roughly the same proportions as a Cairns 
clip applicator; in fact, the first model was made by 
modifying one of these. The long blades are placed 
across a middle cerebral artery proximal to an 
aneurysm, and closed sufficiently for the single 
tooth on the handles to engage. The vessel is then 
“ guarded ” but the leaf spring between the handles 
prevents it from being compressed. The clamp is 
long and light and easily held steady in the wound 
by an assistant whose hand is rested on the skull. 
If it is necessary to occlude the artery, the handles 
are gently closed and the key inserted to keep them 
so. I have found this clamp efficient and gentle. It 
is necessary to cover only one blade with rubber. 

Perhaps it may be mentioned here that in all cases 





* The substance of a paper read before the Society of British 
Neurological Surgeons at Bristol, on November 24, 1956. 


of craniotomy for middle cerebral aneurysm, 
whether herniotomy is intended or not, such a 
clamp should if possible be applied to the proximal 
feeding vessel before the dangerous dissection of 
the aneurysm is completed; every effort is made 
to by-pass the aneurysm during the approach, 
exposing its anterior surface only and merely 
glimpsing the neck. When once the guarding clamp 
is applied, much of the anxiety of dissection dis- 
appears. I have used this method on several 
occasions, and now consider it foolhardy to deal 
with the neck of an aneurysm until the middle 
cerebral artery has been guarded. 


Case Reports 

Case 1.—A previously healthy man aged 31 was found 
to be dysphasic on recovering consciousness after a 
subarachnoid haemorrhage on March 8, 1954. On the 
following day he had a generalized fit in which clonus 
was chiefly right-sided. Percutaneous angiography 
discovered a large aneurysm on the left middle cerebral 
artery (Fig. 2). 

Timidity led me on March 23 to ligate the left common 
carotid artery, after clamping it for 20 minutes had not 
affected his now almost normal speech. 

One month later (April 28, 1954) an open angiogram 
proved the aneurysm to be at least as large as before, 
and immediately craniotomy followed. 

At operation the lateral aspect of the aneurysm wall 
was discovered to be so thin that the turbulence of 
circulating blood could be seen through it. Identification 
of the vessels deep to the aneurysm was tedious, but 
eventually what was thought to be the middle cerebral 
artery was isolated and the guarding clamp applied 
across it. When the clamp was closed momentarily, the 
visible surge of blood ceased, and preparations were 
made to open the sac. Fortunately it was realized in time 
that even if the artery thus guarded were distal to the 
aneurysm, the turbulence would still be stopped by 
occluding it. The clamp was therefore removed and 
further search continued until both entering and leaving 
vessels were exposed, disturbing the aneurysm itself as 
little as possible. It was then obvious that the artery 
formerly guarded had been distal to the neck. Whereas 
no increase in the size of the aneurysm had been observed 
on clamping the exit vessel, trial closure of the entering 
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a b c 
Fic. 1.—(a) Clamp and key. (6) Clamp guarding. (c) Clamp occluding. The plans below each figure show the relationship between the 
handles and the key. 


vessel resulted not only in cessation of the turbulence arteries stretched over the aneurysm had been displaced 
but slight shrinkage of the sac. After several small the clamp was closed, the key inserted, and the sac 
freely opened. The collapsed sac was 
twisted, held up with forceps by an 
assistant, and ligated with silk at its neck. 
At this stage an unexpectedly long time 
was spent in adjusting the ligature to my 
liking, and when the key was finally re- 
moved from the clamp, it was reported 
to have been in place for 10 minutes. No 
hypotensive or freezing techniques were 
used. 

On the first post-operative day the 
patient was conscious, had no hemiparesis 
but responded to conversation by grunting 
only. On the second post-operative day it 
was evident that he understood what was 
said to him and said * yes * when asked if 
he was comfortable. By the time of his 
discharge three weeks later his speech 
showed a minor nominal defect only, and 
it soon returned to normal. He resumed 
work as a pasteuriser on August 25, and 
has remained well since apart from a 
single seizure 11 months after opera- 
Fic. 2.—Case 1. Pre-operative angiograms. tion. 
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Fic. 3.—Case 1. Angiograms 
one year after craniotomy. 


One year after craniotomy (May 3, 1955) he was 
readmitted for repeat angiography. Under general 
anaesthesia the left internal carotid artery was exposed 
and 10 ml. of 35% pyelosil injected into it. The lateral 
film showed filling of the vertebral and posterior com- 
municating arteries but no contrast in the carotid tree 
(Fig. 3a); in spite of this there was a small circular shadow 
approximately in the position of the former aneurysm. 

On the grounds that spasm might be responsible for 
this anomalous filling, the injection was repeated after 
five minutes, during which time the needle was left 
undisturbed in the artery. On this occasion the carotid 
and middle cerebral arteries were demonstrated, but not 
the vertebral; the small circular shadow was still visible, 
and will be commented upon later (Fig. 3b). In this 
connexion it may be relevant to quote from my operation 
note made after craniotomy. It reads: ‘‘ Though there 
is no sac filling now, the fact that there was no neck 
necessarily means that part of the sac wall will form the 








wall of the middle cerebral artery over a distance of 
say 3mm. However, the wall here was quite thick and 
I feel will not be a dangerously weak patch ”’. It remains 


_to be seen whether this optimism was justified. The 


patient has agreed to undergo repeat angiography five 
years after operation. 

Case 2.—A woman, aged 39, a typist, suffered a 
subarachnoid haemorrhage on August 29, 1954. The 
case was submitted for investigation after six weeks bed 
rest since the haemorrhage, and the blood pressure was 
then 160/110 mm. Hg. There was a previous history of 
toxaemia of pregnancy. 

Angiography discovered a large middle cerebral 
aneurysm at the common site, on the right side (Fig. 4). 

At operation on October 21, 1954, as in Case 1, the 
Sylvian fissure was opened with the aid of continuous 
lumbar drainage. Before craniotomy was begun a 
guarding clamp was placed over the internal carotid 
artery in the neck, but it was never used. A small 


Fic. 4.—Case 2. Pre-operative angio- 
grams. 











168 J. R. GIBBS 





Fic. 5.—Case 2. Guarding clamp applied and dissection of the 
aneurysm completed. Model from operation sketch. 


haemorrhagic cyst in the temporal lobe was evacuated. 
Again, as in Case 1, the first aim in dissection was to 
isolate the feeding middle cerebral artery. In spite of 
induced vascular hypotension to between 80 and 90 mm. 
of mercury with “ arfonad”’, there were many delays 
caused by small haemorrhages, not of aneurysmal 
origin, but after a tedious dissection the feeding 


ee, 





Fic. 6.—Case 2. Occlusion of middle cerebral artery on tightening 
ligature. A second attempt with the clamp closed had the same 
result. 


vessel was straddled by the guarding clamp. 

It was then possible to turn attention to the aneurysm 
itself. It had a transparent fundus and an anterior 
loculas about }in. in diameter, densely adherent to 
brain and evidently the site of previous rupture. Various 
small vessels were severed and stripped off the aneurysm 
sac; and finally only two adventitious ones of moderate 
size remained, connected with the sac almost at the 
same spot (Fig. 5). 

It was uncertain at this stage whether these were two 
separate arteries leaving the sac (in which case their 
function would have to be sacrificed) or whether they 
were limbs of a single vessel adherent to the sac at an 
“elbow ”. At this stage it was thought best not to sever 
the connexion, for the arteries were of significant size 
and possibly important. 

It was hoped to complete obliteration of the aneurysm 
without closing the guarding clamp, but when a ligature 
was placed in position it was quite evident that tightening 
it would not result in occlusion at the proper place. 

Even after inserting the key in the clamp had reduced 
tension in the aneurysm, the belly of the sac forced the 
ligature to slide down as it was tightened and so threaten 
the patency of both entering and exit vessels (Fig. 6). 

With the guarding clamp still closed, therefore, the 
aneurysm was opened widely, part of the incision 
lopping off the loculus, to save dissecting it. When the 
lax walls were held up by forceps it was found possible 
to place the ligature at the optimum level, without 
embarrassing the middle cerebral flow (Fig. 7). 

Bleeding from the sac before tightening of the ligature 
was free, and will be commented upon later, but there 
was no bleeding from the sac after the ligature was tied— 
proving that the two small arteries mentioned earlier 








Fic. 7.—Case 2. 
aneurysm. 


Correct ligation possible after collapsing the 
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were in fact two limbs of a single vessel 
and had been preserved. 

Tightening the knot caused brisk 
haemorrhage, afterwards proved to be due 
to damaging a small artery (not shown 
in the figures) adherent to the aneurysm; 
it was necessary to use a large sucker to 
keep the field clear, but bleeding was 
finally stopped by pressure with haemo- 
static for a few minutes. When the field 
was dry the key was removed from the 
guarding clamp, and it was reported to 
have been in place for 23 minutes. 

Recovery of consciousness was not 
delayed, and on the first post-operative 
day the only weakness discernible was 
minimal reduction of power in the left 
grip, not present 24 hours later. Con- 
valescence was uneventful. 

One year after craniotomy right percu- 
taneous angiography filled all vessels in the 
middle cerebral group as before operation, 
but there was no trace of the aneurysm 
(Fig. 8). 

Two years after craniotomy (October 8, 1956) this 
patient had what was almost certainly a further subarach- 
noid haemorrhage. There was sudden headache and 
faintness with a feeling of weakness in all the limbs, 
but no unconsciousness. Not until five weeks later was 
this reported from another hospital, and subarachnoid 
haemorrhage had been diagnosed on the presence of 
meningism and a blood-stained cerebrospinal fluid, but 
proof by xanthochromia was not forthcoming. 

Angiography could discover no aneurysm on either 
carotid tree. The appearance on the right was identical 
to that in Fig. 8. I still do not know why she had a further 
subarachnoid haemorrhage. It is hoped that a small 
aneurysm elsewhere has destroyed itself in bleeding, but 
there must necessarily be some anxiety in the future. 


Commenting on these two cases, it is of interest 
that what appeared to be the main middle cerebral 
artery was clamped in Case 1 for 10 minutes and 
in Case 2 for 23 minutes, without significant 
neurological deficit resulting. 

It may be that both cases fall into that class in 
which permanent occlusion of the arteries con- 
cerned at that point would have been harmless. 
Nevertheless, there is every re2son to preserve the 
middle cerebral circulation intact, and in any given 
case it is difficult to see how it may be decided 
whether a large artery is dispensible, short of clamp- 
ing it for say half an hour in a conscious patient. 

I admit to having been dismayed on each occasion 
at the duration of proximal occlusion. I had ex- 
pected to keep the clamp closed for about 30 seconds 
but, as described above, achieving a satisfactory 
closure of the neck may not be perfectly straight- 
forward even with the sac collapsed. Incision of 
the sac was on both occasions associated with rather 





Fic. 8.—Case 2. Angiograms one year after craniotomy. 


brisk bleeding from it; the flow must come from the 
** exit vessel ’’, and is presumably an index of the 
collateral circulation. 

In both cases dissection confirmed the angio- 
graphic appearances, in that there was no major 
branching of the middle cerebral artery at the 
aneurysm neck. (Trifurcation may make even the 
most determined surgeon resort to external rein- 
forcement.) 

The late angiogram in Case 1 shows a small 
shadow (Fig. 3)—either a remnant or a recurrence. 
The latter possibility opens an old question, Does 
a ligature or a silver clip necessarily leave a weak 
patch proximal to it which will again enlarge ? As 
far as Case 1 is concerned, I think a defect of 
technique was responsible rather than a recurrence. 
The neck of the sac was several millimetres wide, 
and I am now of the opinion that a ligature should 
only be used when the neck of the sac is no wider 
than the diameter of the parent vessel. 

Perhaps we do not open enough cerebral 
aneurysms; for besides the argument that doing so 
sometimes makes an otherwise impossible closure 
feasible, there is the likelihood that some post- 
operative hemiplegias we have blamed on spasm 
are really due to manipulating an aneurysm with 
some clot in it, thus passing a portion of clot on 
into the distal circulation. Opening an aneurysm 
after occluding its entering vessel would wash out 
any friable clot present. 

Case 3 presents a different problem, that of severe 
facial pain due to compression by a non-fistulous 
aneurysm of the internal carotid artery in the 
cavernous sinus, not relieved by internal carotid 
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ligation. Here, incision of the aneurysm was 
necessary for therapeutic rather than technical 
reasons. 


Case 3.—A woman aged 51 first complained of 
double vision in December, 1954, and it lasted eight 
months. On the morning of December 24, 1955, 
she awoke with severe pain in the left eye and left 
side of the forehead. She vomited, and in a few 
hours the left eye closed. 

On admission to the S.E. Metropolitan Regional 
Neurosurgical Centre two days later she was fully 
conscious and complaining of headache over the 
left eye. Ptosis was complete. The only ocular 
movement possible on that side was in an outward 
direction, and within two days that also disappeared. 
Diminished sensibility was found over the first 
division of the fifth nerve but the corneal reflex was 
preserved. The pupil was moderately dilated, and 
fixed. No bruit was audible, and there was no 
deafness to simple tests. Blood pressure was 
180/100 mm. Hg. Angiography confirmed the 
diagnosis of aneurysm in the cavernous sinus, a 
small shadow showing on the lateral film (Fig. 9). 


A plain radiograph of the skull showed widening of the 
sphenoidal fissure (for what it is worth) and thinning 
of the greater wing (Fig. 10). 

On January 2, 1956, the common carotid artery was 
ligated without incident, and two days later there was 
perceptible elevation of the upper lid. By the time of her 
discharge 10 days afterwards the only other change was 
slight lessening of the supraorbital pain. 

On January 30 her doctor reported that since her 
discharge she had been suffering the most intense pain 





Fic. 9.—Case 3. Pre-operative angiogram. 





Fic. 10.—Case 3. Widening of the left sphenoidal fissure. 


behind the eye and on the left side of the forehead and 
cheek, and ordinary analgesics proving ineffective, he 
requested approval of the use of morphia. Readmission 
was arranged. Ptosis and ophthalmoplegia were then 
complete, the pupil was still semi-dilated, and the sensory 
impairment over the fifth nerve territory unchanged 
except that the corneal reflex was now absent. Blood 
pressure was 200/120 mm. Hg. For the next three weeks 
the patient lay in bed with her face covered, in great pain, 
while I wondered what to do. 

On February 29 an internal carotid angiogram 
produced only the faintest of small shadows in the 
cavernous sinus, but on the antero-posterior and oblique 
films the aneurysm appeared outlined by a linear semi- 
circle—presumably a vessel skirting it (Figs. 1la and b). 
The internal carotid was ligated but this afforded no 
relief of pain. 

On March 6, 1956, 10 weeks after the onset of her 
illness and nine weeks after common carotid ligation, 
craniotomy was undertaken with the intention of 
evacuating the aneurysm, which was presumed to be 
tightly distended with clot. 

This indeed proved to be the case. At operation three 
or four adhesions between the under surface of the 
temporal lobe and the dura of the middle fossa con- 
tained small veins, judged at the time to be adventitious 
venous channels attempting to compensate for the 
obliteration of the cavernous sinus. About } in. of the 
internal carotid was visible between the aneurysm and 
the bifurcation; it evidently contained fluid blood, 
though no pulsation was discernible. It was occluded 
with a silver clip. No blood escaped through a lumbar 
puncture needle thrust to a depth of lin. into the 
aneurysm, but when it was withdrawn a little thick black 
blood escaped. A T-shaped incision was made in the 
aneurysm wall at its summit and the contents sucked out. 
Black, tarry blood was surrounded by pinkish-grey 
organizing clot. Evacuation was continued until no soft 
clot remained and the wall was about } in. thick and no 
further for fear of damaging the nerves lining it. After- 
wards the sac collapsed quite well. There was no bleeding. 
The cavity was filled with saline, left gaping, and the 
wound closed. 

After operation the pupil on that side was fully 
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Fic. 11.—(a) Antero-posterior and (6) oblique angiograms showing 
vessel skirting the aneurysm sac.* 

* I was at a loss to explain this appearance until Mr. Norman Dott 

identified it as that of an ophthalmic artery arising from the middle 

meningeal artery—a variation not unknown to him. 





dilated and remained so for about 12 hours, when it 
returned to its former state. The pain was relieved. 
There was a slight nominal dysphasia. 

One year after operation the patient still gets occasional 
momentary shoots of pain over the forehead—very 
minor compared with the severe pre-operative pain. 

As for the ocular palsies, there has been no appreciable 
difference in the degree of recovery from that in similar 
cases treated by carotid ligation or not at all. Abversion 
and adversion have recovered almost completely, but 









ind there is no elevation or depression. 

he The lid uncovers the pupil, but diplopia confuses 
ion her and she prefers to keep the eye closed. 

ven Visual acuity in the affected eye is 6/36, the same as 
ory before operation. Sensation over the fifth nerve distribu- 
zed tion has improved but is still defective. The corneal reflex 
od £. P has recovered. There is a little excessive tearing. The 
eks Fic. Ila fundi have remained normal throughout. 


iin, Her speech betrays no abnormality in ordinary con- 
versation, but a minor degree of nominal dysphasia still 





am exists; she sometimes cannot name the composer of a 

the piece of familiar music she hears, though recognizing 

jue any error in such authorship made by others. 

mi- There is slight emotional lability since operation; she 

b). cannot endure three hours in a cinema, where drama 

no especially evokes an exaggerated reaction of excitement, 
and she cries rather too readily at pathos. Her blood 

her pressure is 200/110 mm. Hg. 

on, 

of My thanks are offered to Mr. Geoffrey Knight for per- 

be mission to operate on Case 1, and to Dr. Trevor Griffiths 
for his very helpful angiographic studies. 

ree The guarding clamp is supplied by Messrs. Lewis 

7 Bros. of Marylebone High Street, London. 


Fic. 115 
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FAMILIAL CALCIFICATION OF THE BASAL GANGLIA WITH 
RESPONSE TO PARATHORMONE 


BY 


W. B. MATTHEWS 
From the Derbyshire Royal Infirmary 


Massive symmetrical calcification of the basal 
ganglia and dentate nuclei is now a well recognized 
radiological find.ag and great emphasis has been 
laid on its association with hypoparathyroidism 
(Léwenthal, 1948). While such an association is 
undeniable the connexion between the two phe- 
nomena is ill understood and cannot at present be 
accepted as invariable. It is the purpose of this paper 
to describe a family in which certain members were 
afflicted in middle life by a progressive neurological 
disorder accompanied by calcification of the basal 
ganglia. No clinical or chemical evidence of 
hypoparathyroidism was present but, in the member 
investigated in detail, an abnormal response to 
parathyroid hormone was observed. 


Family History 

The family (Fig. 1) consisted of seven daughters born 
to parents who were reputed to be second cousins. A 
search of the parish registers of the small village where 
the family originated showed that in-breeding was 
common in the early nineteenth century but failed to 
establish the exact relationship of the parents. The father 
died aged 78, following prostatectomy, and the mother 
died aged 80 of unknown causes, neither having suffered 
from any neurological disorder. 

1.1, the eldest daughter, committed suicide at the age 
of 25. 

1.2 was examined and radiographed at the age of 67 
and found to be normal. 
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Fic. 1.—Pedigree of the family. 


I.3 had attended hospital at the age of 45 complaining 
of difficulty in walking but no diagnosis was made and, 
as far as is known, she was never radiographed. For 
12 years before her death at the age of 54 her disease 
slowly progressed so that eventually she was bedridden, 
For the last few years of her life her speech had been 
slurred and she was incontinent of urine. According to 
her daughter she had never suffered from fits or from 


. symptoms suggestive of tetany. 


I.4 was admitted to the Derbyshire Royal Infirmary at 
the age of 61. She said that for the past two years she had 
experienced increasing difficulty in walking so that she 
could no longer leave the house. For the past year her 
speech had been slurred and she was occasionally in- 
continent of urine. She had no complaints about her 
arms but experienced much pain and stiffness in the back 
and legs. 

She denied any serious illness in the past and, in 
particular, had never had any fits or symptoms resembling 
tetany and her thyroid had not been removed. 

On examination she was a well built woman with a 
height of 165cm. and a normally shaped face. There 
were no deformities of the hands and feet nor of the skin 
or nails. A mild degree of dementia was present as 
judged by simple tests of recall and calculation but she 
could hold a rational conversation. Emotional lability 
was evident. She walked without swinging her arms, 
taking short steps with her feet wide apart and, if un- 
supported, she would fall. She had a fixed, unwinking 
expression and slurred, monotonous speech. The optic 
fundi were normal and there were no cataracts. The 
pupils and ocular movements were normal and there 
was no nystagmus. Rapid movements of the tongue 
could not be perforined but the palate moved normally 
and the jaw jerk was not obtained. 

There was no weakness of the arms and no tremor at 
rest but slight cog-wheel rigidity. She had bilateral 
intention tremor and alternating movements were 
clumsily performed. 

The abdominal reflexes were absent. 

There was increased resistance to passive movement in 
the legs but no demonstrable weakness and no involun- 
tary movements. The tendon reflexes were uniformly 
brisk without clonus and the plantar reflexes were flexor. 
There was no sensory loss. 

Chvostek’s and Trousseau’s signs were negative. 

The blood pressure was 140/80mm.Hg. and no 
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abnormality was found in the chest or abdomen. 

Radiographs of the skull showed massive symmetrical 
calcification of the basal ganglia and dentate nuclei 
(Figs. 2 and 3). 

In the course of the next year her condition showed a 
slow decline so that even walking with the aid of the 
furniture became difficult and for most of the time she 
was confined to a chair. 

1.5 died in infancy. 


Fic. 3 


Fics. 2 and 3.—Radiographs of the skull of Case 1.4 showing 
calcification. 
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I.6 was examined when aged 59. She had no complaints 
but it was possible to predict that she would show similar 
calcification as she resembled an early case of paralysis 
agitans with a fixed expression and a stooping stance. 
She did not swing her arms when walking but there was 
no tremor or ataxia. She had never suffered from fits 


or tetany and had no cataracts. Radiographs of the skull 
showed calcification perhaps even denser than in her 
sister (Figs. 4 and 5). 


Fic. 5 


Fics. 4 and 5.—Radiographs of the skull of Case I.6 showing similar 
calcification. 
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1.7 was examined and radiographed at the age of 57 
and found to be normal. 

II.1 was killed in the war. 

11.2, aged 33, II.3, aged 28, and II.4, aged 23, were 
examined and radiographed with negative results. 

III.1, 2, and 3 were small children stated to be normal 
but were not examined. 


Case 1.4 

Case 1.4 was investigated in detail, but the other 
surviving member of the family with neurological disease 
I.6, was not aware that she was affected and it was not 
thought permissible to draw attention to what appeared 
to be a progressive and incurable disease by admitting 
her to hospital. 

The patient’s urine contained no glucose or albumin. 
Dr. J. M. Walshe kindly examined the urine for amino- 
acids and reported a normal pattern of excretion. 

The cerebrospinal fluid pressure was 100 mm. and it 
contained 30 mg. of protein per 100 ml. and 1 white cell 
per c.mm. The Wassermann reaction was negative in 
blood and C.S.F. 

The complement-fixation test for toxoplasmosis was 
negative. 

The serum alkaline phophatase was 18 King-Armstrong 
units per 100 ml., the serum flocculation test was + +. 
Total serum proteins were 6:5 g. per 100 ml. (albumin 
4-7 g. and globulin 1-8 g). There was no anaemia Land the 
white cell count was normal. 

The electroencephalograph was normal and consisted 
of low amplitude alpha with a little fast activity. 

Calcium and phosphorus metabolism were investi- 
gated in greater detail. The serum calcium and phos- 
phorus were estimated in all available members of the 
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Fic. 6.—The effect of intravenous parathormone on phosphorus excretion in Case I.4 and one control subject. 








TABLE I 
SERUM CALCIUM, PHOSPHORUS, AND CHOLESTEROL 


LEVELS IN THE AFFECTED FAMILY 





| Serum Calcium Serum Phosphorus | Cholesterol 





Patient | “(mg./100 ml.) (mg./100 ml.) — | (mg./100 mi.) 
1.2 6 29 | 261 
1.4 10-0-11-3 2:6-4-3 | 300 
1.6 10-8 41 | 238 
1.7 11-0 3°6 | oe 
11.2 10-4 3-5 215 
11.3 11-0 2-9 | 204 
11.4 10-2 3-3 | 219 





family and were all within normal limits. The serum 
cholesterol was also estimated as it was a little high in 
Case I.4 and had been raised in the cases reported by 
Bowman (1954). The results are shown in Table I. 

Radiographs showed no subcutaneous calcification, 
normal bone density and no deformities of the hands or 
feet. 

The C.S.F. calcium level was 5-0 mg. per 100 ml. and 
phosphorus 1-4 mg., which are normal figures. 

On a normal diet the urinary phosphorus excretion 
ranged from 0-48 to 0-67 g. per day and the calcium 
from 0-13 to 0-16 g. A calcium balance was carried out 
on an intake of 1-0 g. and also on a low intake of 0-2 g. 
per day. On the former diet the output in the faeces was 
2:24 g. and in the urine 0-69 g. over a four-day period, 
giving a positive balance of 0-25 g. per day. On the low 
intake the faeces contained 0-29 g. and the urine 0-45 g. 
in four days, approximately equivalent to the intake. 
These results were interpreted as normal. 

The effects of parathyroid hormone in producing an 
increased excretion of phosphorus in the urine and in 
elevating the serum calcium level were assessed. The 
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Fic. 7.—The effect of daily intramuscular injections of parathormone on the serum calcium in Case I.4 and one control subject. On the day 
preceding this test the patient had received a single intravenous injection of parathormone. 


patient’s urine was collected by catheter for two hours 
before and four hours after the intravenous injection of 
200 U.S.P. units of parathormone. On the succeeding 
five days 300 U.S.P. units of parathormone were injected 
intramuscularly daily, serum calcium levels being 
estimated at intervals. The first procedure was repeated 
in one female control subject of approximately the same 
age and the second in a second control using the same 
batch of parathormone. The results are shown in Figs. 6 
and 7. It can be seen that no increase in phosphorus 
excretion and no rise in serum calcium occurred in the 
patient, in contrast to the results in the control subjects. 
No further supplies of this batch of parathormone were 
available. 


Discussion 

Minor degrees of calcification of the basal ganglia 
have been described in a great variety of conditions 
(Eaton, Camp, and Love, 1939) and it is difficult 
to assert that they have any pathological significance. 
The great majority of adequately investigated cases 
of massive calcification have been associated with 
obvious evidence of a generalized disorder of calcium 
and phosphorus metabolism due to failure of para- 
thyroid function from different causes. The en- 
docrine disorders described are those of idiopathic 
hypoparathyroidism and pseudo-hypoparathy- 
roidism, and, as the causes of these conditions are 
unknown, it is arguable that the calcification and 
metabolic disorders might be due to some single 
unknown factor. The connexion must, however, 
be more direct as Siglin, Eaton, Camp, and Haines 
(1947) described massive calcification in a case of 
chronic post-operative tetany. The author has also 
investigated a woman whose thyroid had been 
removed 21 years before and who had suffered from 
recurrent tetany ever since. No neurological abnor- 


malities were present, apart from tetany if in- 
adequately treated, but radiographs of the skull 
showed dense calcification of the basal ganglia and 
dentate nuclei. It must, therefore, be accepted that 
the endocrine disorder is the cause of the calcifica- 
tion. 

Post-mortem evidence (Eaton and others, 1939; 
Eaton and Haines, 1939) shows clearly that it is not 
normal cerebral structures but excessive deposits 
of “hyaline” or “colloid” material of peri- 
vascular distribution that calcify. Albright (1939) 
has stated that the calcification is directly due to the 
raised plasma phosphorus leading to supersatura- 
tion of the plasma in respect of phosphorus and 
calcium, and the site of the calcification might be 
explicable by the concentration of phosphatase in 
the basal ganglia mentioned by Milne (1951). As 
far as is known, however, these factors would not 
be effective without the prior deposition of hyaline 
and it must be assumed that in some unknown 
manner the metabolic disorder of chronic hypo- 
parathyroidism is also responsible for this depo- 
sition. 

Many cases have been inadequately investigated 
but there remains a small group of cases in which, 
using the inexacting criteria of the absence of 
spontaneous or induced tetany and a normal serum 
calcium level, no evidence of hypoparathyroidism 
was obtained. The cases of Guillain, Bertrand, and 
Rouqués (1936) and of van Bogaert (1949) have not 
been included in this group, as although the serum 
calcium level was normal, tetany was present and 
it is not yet possible to accept without reserve the 
suggestion that the tetany was of central and not of 
metabolic origin. The cases that fulfil these criteria 
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are those of Foley (1951), Fritzsche (1935), Bowman 
(1954), Eaton and others (1939, Cases 4 and 5), 
Sammet and Bucy (1951), and Rand, Olsen, and 
Courville (1943, Case 1). The present family also 
falls into this group, which then comprises 15 cases. 
Of this number, 11 were familial or hereditary, 
while in the much larger group of those with known 
hypoparathyroidism the only familial cases of 
cerebral calcification discovered are those of Vasiliu 
(1940) and Camp (1947). 

This strong familial tendency increases the temp- 
tation to place these cases in a separate category 
of a specific hereditary disease but a study of the 
case reports shows that they form very unpromising 
material for a clinical syndrome. The patient 
described by Foley (1951) closely resembled those in 
the present family and a minor degree of calcification 
was present in her two daughters who had no symp- 
toms. In this family, therefore, inheritance appears 
to have been dominant. The three siblings described 
by Fritzsche (1935) were born of consanguineous 
parents, suggestive of recessive inheritance, and 
developed symptoms in early childhood. The two 
brothers described by Bowman (1954) were infants, 
both of whom probably had a nephrotic syndrome 
and who died before the age of 3. Sammet and 
Bucy’s (1951) case was a man of 43 without symp- 
toms. Eaton and others’ (1939) Case 4 developed 
recurrent hemiplegia at the age of 31 and their 
Case 5 was a defective woman of 40 without abnor- 
mal neurological signs. Rand and others’ Case 1 
suffered from epilepsy and hypertension but had no 
abnormal neurological signs. The great diversity 
of the clinical state must make it unlikely that there 
is any single cause of the calcification in this group 
of patients without evidence of hypoparathyroidism. 

The investigation of the propositus in the present 
family, however, suggests that defects of parathyroid 
function may exist without producing any dis- 
turbance of serum calcium or phosphorus levels, at 
least at the time of the investigation. The condition 
of pseudo-hypoparathyroidism was described by 
Albright, Burnett, Parson, and Sulkowitch (1941) 
as an example of failure of the target organs to 
respond to normally produced hormone. As far as 
is known the target organs of the parathyroid 
hormone are the bones and the renal tubules. 
Albright and his colleagues established the lack of 
response by the failure of injected hormone to 
produce an increased urinary excretion of phos- 
phorus, using the Ellsworth-Howard test (Ellsworth 
and Howard, 1934). Certain physical stigmata 
frequently accompany this metabolic disorder: a 
round face, short stature, shortening of the meta- 
carpal and metatarsal bones, and subcutaneous 
calcification. The condition is extremely rare and 
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MacGregor and Whitehead (1954) found only 
27 cases in the literature that satisfied their criteria, 
10 of which were known to have cerebral calcifica- 
tion. It must be emphasized that these patients have 
changes in the blood chemistry typical of hypo- 
parathyroidism and suffer from chronic tetany. The 
concept of failure of target organ response has not 
passed unchallenged and certainly the Ellsworth- 
Howard test of response to parathyroid hormone is 
unreliable as it may be negative in normal subjects 
(MacGregor and Whitehead, 1954; Milne, 1951; 
Dent, 1953). This has been attributed to lack of this 
particular activity in the commercial gland extracts. 
The batch of parathormone used in this investigation 
was, however, shown to be active in producing an 
increase in phosphorus excretion in a normal control. 
The extract was also effective in raising the serum 
calcium level in a second control but produced no 
rise in the patient. This latter effect is probably 
due to the action of the hormone on bone (Milne, 
1951), and failure of this response is considered 
more significant than the failure to increase phos- 
phorus excretion (Dent, 1953; MacGregor and 
Whitehead, 1954). 

This patient therefore showed two features of 
pseudo-hypoparathyroidism, namely, cerebral calci- 
fication and a failure of response to parathyroid 
hormone, but without changes in blood chemistry 
or any of the physical stigmata commonly associated 
with the condition. The latter are known to occur 
independently of the chronic tetany and the con- 
dition of pseudo-pseudohypoparathyroidism has been 
described by Albright, Forbes, and Henneman 
(1952) and by Miles and Elrick (1955). This un- 
wieldy name implies that the physical habitus and 
bone deformities, and in one case subcutaneous 
calcification, and in the other, cataract, may occur 
without changes in the blood chemistry or tetany. 
In the case of Albright et al. phosphorus excretion 
was not increased after parathormone but the 
extract was also inactive in a normal subject. In 
neither case was cerebral calcification present. That 
this condition bears some relationship to pseudo- 
hypoparathyroidism is shown by the family reported 
by Selye (1949) where mother and daughter showed 
the characteristic deformities but hypocalcaemia 
was present only in the daughter. If the tests can be 
accepted as showing lack of response to parathyroid 
hormone the patient reported here seems to repre- 
sent a different fraction of the pseudo-hypopara- 
thyroid syndrome. It is, of course, exceedingly 
difficult to reconcile a lack of response to injected 
hormone with an apparently normal response to 
the patient’s own hormone as reflected in the 
absence of changes in blood chemistry. The answer 
may be a matter of the degree of abnormality. The 
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family history is strongly suggestive of a recessively 
inherited metabolic disorder and the late age of 
onset of symptoms, presumably due to this disorder, 
may indicate that only a slight disturbance of 
function is present. Some response to parathyroid 
hormone must exist in order to maintain the serum 
calcium and phosphorus at normal levels but this 
might only be possible by a maximum response that 
could not be increased by injected hormone. Such 
an uneasy equilibrium would be unlikely to be 
perfectly maintained throughout life. It must not 
be forgotten that the lack of parathyroid function 
or of a normal response to the hormone appears to 
favour the excessive deposition of hyaline material 
in the basal ganglia, a change not obviously related 
to the known functions of the hormone nor 
necessarily related to measurable disturbances of 
blood chemistry. 


Summary 

A family is described in which three members 
developed a progressive neurological disorder in 
middle life, accompanied by massive symmetrical 
calcification of the basal ganglia and dentate nuclei 
in the two members who were examined. 

No abnormality of blood chemistry was found in 
any member of the family but in the patient in- 
vestigated in detail no response to parathyroid 
hormone could be obtained. 
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The possible relationships of this condition with 
those of pseudo-hypoparathyroidism and pseudo- 
pseudohypoparathyroidism are discussed. 


The investigation of this family was greatly helped by 
the laboratory work of Mr. D. Watson, M.Sc., and 
Miss A. Matthews, B.Sc. 
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SOME EXPERIENCES WITH WALTON’S FREQUENCY ANALYSIS 
OF THE ELECTROMYOGRAM 


BY 
J. FEX and C. E. T. KRAKAU 


From the Departments of Neurology and Ophthalmology, University of Lund, Sweden 


In the clinical interpretation of electromyogram 
(E.M.G.) records, obtained by a needle electrode, 
the activity at insertion, possible spontaneous 
activity, and activity at voluntary contraction are 
taken into consideration. This procedure usually 
demands a fairly detailed examination in order to 
make a diagnosis. The interest is mainly focused 
on the shape of the action potential, its duration, 
amplitude, and number of “ phases’’; but the 
grouping of the impulses is also observed. Since 
these parameters show a great variability from one 
action potential to another it is seldom possible to 
draw any conclusions merely from single potentials 
in a record. A large number have to be investigated, 
with the result that a reliable analysis becomes rather 
time-consuming. Attempts to make these measure- 
ments automatic have therefore not been lacking. 
Richardson (1951) described a method of analysis 
which gave the proportion of the frequencies above 
400 c./sec. to the frequencies below 400 c./sec. A 

ethod more satisfying as a frequency analysis was 
used by Walton (1952), in which a frequency spec- 
trum of the record was furnished by means of an 
** audiofrequency meter ’’. One of the main problems 
for the E.M.G. investigation is undoubtedly to 
decide whether muscular wasting is of myopathic 
or of neuropathic origin, and in a report of 174 cases 
Walton claimed that his method definitely facilitated 
the E.M.G. diagnosis. The aim of our investigation 
was therefore to test his method. 


Frequency Analysis of Electromyograms 


It may be of some interest to elucidate from a 
general point of view what information can be 
obtained by means of a frequency analysis of 
electromyograms. In a previous paper the results 
of a Fourier analysis of neuronal time series has 
been discussed (Krakau, 1956). It was concluded 
that a frequency analysis of a record, representing 
a single element, composed of a series of identical 
formations, may under certain circumstances be 
smoothed to an approximation of the spectrum 


of a single formation (action potential). This spec- 
trum is widely independent of the distribution of the 
formations in the series. It is presumed that the 
formations do not overlap. If the analyser, however, 
has a high resolving power, a detailed spectrum is 
given, which also permits of conclusions about the 
impulse grouping. We presume that there exists, for 
a certain mode of recording, certain trends in the 
shape of the action potential which may be con- 
sidered as characteristic for a given muscle. The 
reasons for the great variations in shape at different 
positions of the electrode will not be discussed. 

When the activities of several elements of an 
ensemble intermingle the situation becomes more 
complicated. A certain amount of overlapping has 
to be expected, even if the impulses of the different 
elements are falling mutually at random. Let us 
assume that the contributing motor units are (1) 
located at distances of the same order of magnitude 
from the electrode and (2) are eliciting similar action 
potentials. If the motor units are working without 
synchronization, the action potentials from the 
different units will fall at random and the general 
form of the spectrum to be expected will remain 
(except for a proportional factor) that of a single 
representative element. 

If we in this situation change one factor, namely, 
the phase relations between the active elements, a 
synchronization may be introduced. If synchroniza- 
tion is defined as an overlapping of potentials to an 
extent higher than might be expected when the 
impulses are arranged at random, synchronization 
will result in an increase in the total energy of the 
spectrum. If the elements, which are falling into 
some degree of synchronicity, are firing at a certain 
common impulse frequency, an accentuation of these 
special frequencies and a change in the shape of the 
spectrum will result. Such a non-affine augmentation 
of the spectrum is seen, for instance, when the Piper 
rhythm appears. Therefore, from an ideal frequency 
analysis, conclusions concerning the impulse form, 
the impulse grouping of a single motor unit, and the 
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synchronization of a population’s activity can be 
drawn if the precautions are properly chosen. It 
may then be asked which of these qualities can 
conveniently be estimated by means of an audio- 
frequency meter of the type used by Walton. 


Analysis with an Audiofrequency Meter 


This question is elucidated by some data from the 
instruction booklet for the “standard” spectro- 
meter. It may at first be pointed out that this 
analyser, like most others, delivers an energy spec- 
trum and not the Fourier analysis. The frequency 
terms are given in square values which means that 
all phase relations are omitted. Further, the fre- 
quency values have a non-continuous representation. 
They are given as discrete points, three per octave: 
40, 50, 64 . . . c./sec., thus the uncertainty of a 
frequency reading ~ + 10% (Standard Telephones 
and Cables, 1954). 

A band pass filter corresponds to each frequency 
point. When a pure sine wave, with the frequency 
of any one of these frequencies, is applied to the 
analyser, the adjacent frequency filters also give a 
response which is 20% of the central frequency. 
The resolving power is low, for if the analyser is 
furnished with a mixture of two pure sine waves, the 
relation between the two frequencies has to be 
> 2, if they are represented as two peaks with a 
lower frequency value in between. The amplitude 
values are linearly proportional to the input voltage, 
provided the input amplifier is not overloaded. The 
analysis epoch may be taken to 163 or 343 m.sec. 
This means that several formations will generally 
contribute to each spectrum. In conclusion, we may 
state that the spectrum produced by this equipment 
is a smoothed and broadened approximation of the 
true spectrum of the input. When the input time 
function is dominated by a single motor unit, the 
spectrum delivered will correspond to that from 
an approximated action potential. The details 
of impulse grouping are hidden in the smoothed 
spectrum. In Walton’s treatment the frequency 
analysis is used to represent the form of the action 
potential, and this is also the case in our material. 
However, the method could also supply information 
about synchronization entering during a contraction, 
though no doubt a machine with a lower limit of 
frequency, less than 40c./sec., would have been 
more convenient for such a study. 


Practical Aspects 
Finally, from the practical point of view, can we 
hope a priori that the analysis is facilitated by this 
automatic device? 
A series of formations (the action potentials) is 
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transformed into a new formation. On the action 
potential, which is obtained as a time function, 
those points where the curve has a maximum or a 
minimum are easily measured. The voltage there 
can be directly estimated and the time lapse between 
them can also be measured with accuracy. Know- 
ledge of the absolute height of the potential is, 
however, of limited value, since it is strongly in- 
fluenced by the position of the electrode in relation 
to the motor unit. Though the action potential is a 
rather complex curve, the time lapse between 
maxima and minima is strongly correlated to the 
frequency maximum of the spectrum. On the other 
hand, the duration of the potential is often a measure 
of very little accuracy since the curve often regains 
the base line in a slow, asymptotic manner. 

The potential defined in its Fourier transform 
permits of direct measuring of parameters which 
characterize the shape of the potentials. No doubt 
the transform of a function like the action potential 
is for comparing the shape of potentials in general 
equally well suited for measuring as the time 
function. 

As an illustration, let us analyse an action 
potential, the form of which is simplified to a single 
and complete sine wave. If the duration of the wave 
is, say, a complete period (/\ 1) of 5 m.sec., there 
will be a peak in the spectrum around 200 c./sec. 
The approximative width (/\p) of this peak is given 
by /\ 1x /A\p = 1, and may thus be put at 200 c./sec. 
(Fig. la). Then let the complete wave have a 
duration of 10m.sec. (b). The maximum at 
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Fic. 1.—Sine-shaped potentials (a, b, c) and their spectra (a’, b’, c’ 
arranged schematically). 
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100 c./sec. has the width of 100c./sec. 
Finally, let us take a more “ polyphasic ” 
potential consisting of two complete sine 
waves with the duration of 10 m.sec. (c). 
The spectrum has a peak at 200, but its 
width will be = 100 c./sec. 

We may conclude that it is certainly 
possible to obtain an impression of the shape 
of the action potential by means of the 
audiospectrograph. Whether this shape is 
more rapidly and exactly caught by means 
of frequency analysis than by study of the 
direct time function is a purely practical 
question. 


Method 

The E.M.G. recordings have been made by 
means of a “ disa”’ electromyograph, type 13 
A 50, with a three-channel A.C. amplifier. The 
leads have been taken with a bipolar coaxial 
needle electrode, using Buchthal’s apparatus 
(maker: Disa Ltd.). The output from one of the 
leads has been connected to a 74100 A spectro- 
meter, made by Standard Telephones and Cables 
(1954). The spectra have been photographed 
with a Zeiss “‘ contafiex ’’ camera. 


Material 
The material embraces a total of 38 cases, 
of which the muscle activity was as follows :— 


Normal xe a8 jn i oe 
Inactivity-atrophy i. mach ha ae 
Neurogenic atrophy .. a we ee 
Myogenic atrophy és ae on Ca 
Nuclear cases .. 1 


In addition, the activity in the quadriceps and 
in one of the external eye muscles of rabbits has 
been investigated. 

As the histograms from the frequency analyser 
have in the majority of cases had only one single 
maximum, we have considered that with the help 
of three parameters a fairly reasonable idea of 
its appearance can be given. We have, therefore, 
given the frequency for the maximum and usually 
two frequency values where the amplitude has 
fallen to half the maximal. These values have 
the advantage of being, within wide limits, 
independent of the degree of amplification. When 
two separated maxima of approximately equal 
height have been present, both have been included. 
The same holds for the half-values. Exceptionally, 
one spectrum may thus be represented by two 
values for maxima and four values for half- 
values. No fine structure in the spectrum can 
indeed appear in this form of analysis and a 
number of configurations with double maxima 
and such like are of course hidden by such a 
recording procedure. In a series of diagrams 
(Fig. 2) we have tabulated the material in groups, 
each diagram showing the distribution of the 
maximum on different frequencies, and also the 
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Fic. 2.—Distribution of peak- and half-values in different groups. 
Thick line = peak values, thin line = upper half-value, dotted 
line = lower half-values. 

@ = normal, slight contraction 
b= » transitory state 
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TABLE I 
CLINICAL DETAILS OF HISTOGRAMS 








| Number |Peak Frequency 


Frequency Values 








lesion of median nerve 
R. 





| Thenar L. 

















Diagnosis Age | Muscle E.M.G. Findings of Values in c./sec. | Remarks 
| Spectra | (mean value) Min.-} Max.-4 | 
Normals (4 cases) | 25-30 | Quadr. fem. Normal = a 200 40, 80 400 (a) Slight contraction corre- 
(Fig. 2a, b, c) tib. ant. del- | ‘a3 ie 200 40, 80 400 sponds to single oscilla- 
toid, inteross. | | 67 | 200 40, 80 400 | tions, (b) moderate con- 
dors. I } tractions corresponds to 
| trans. state, (c) strong 
| contraction corresponds 
| | to interference pattern 
Normal 23 Facial L. Normal 10 | 320 | 64,250 ise | Facial paresis on right side 
Rabbit 1 beg Dorsal | Mean duration about 6-5m.sec.) 9 320-400 | 200 500 
1 kg. | 
Ext. eye | Thin spikes ‘a 800 | 250, 640 1250 
muscle | 
Rabbit 2 ape Dorsal | Mean duration about 6-5m.sec. | 8 | 400 40, 100, 160 | 400, 1000 | 
}- g. 
Atrophy from _ inac- 
tivity after fracture of | } | ' 
femur, 5 cases | | 
(Fig. 2d) | | Ee 

1 65 Quadr. fem. | Normal 4 — — | -- ' Circumference 15 cm. above 
R. | ; , patella 

2 16 2 od | e 4 ae | _— _ | right, 2 cm. < left side 

| | Circumference 10cm. above 
| | patella 

3 41 a = | . 6 | 200 | 40, 160 400 | right, 3 cm. < left side 

| | | Circumference 15 cm. above 
patella 

4 25 be a - 4 aa a eee | right 4 cm. < left side 

5 45 OS ate. 6 ads Po eae on right 6 cm. < left side 

Atrophy secondary to | | 
rheumatic polyarthri- | 
tis 3 cases (Fig. 2¢) i i ; 

1 58 | Extensor mus- | Normal 18 vn _ _ | Excessive atrophy of the 
cles of left ; | affected muscles in all 
forearm \ | | 3 cases 

2 a ” » 19 200 | 40, 80 400 | 

3 50 e 19 — | ma at | i i 

Post-poliomyelitis | 47 | Tib. ant. R. | Only s.o. denervation poten- 20 100 40, 80 200 | Very feeble power in dorsi- 
paresis (Fiz. 2g, f) | | tials with prolonged mean | flexion of right foot 
| duration. Increased synchro- | 
nization | ; . 
Amyotrophic lateral | 63 | Tib.ant.R. Only s.o. prolonged mean 2 -| 80-125 | 40 125,200 | Very feeble power in dorsi- 
sclerosis (Fig. 2g, f) duration } | flexion of right foot. No 
| spasticity 
Charcot-Marie-Tooth | 
disease, 2 cases (Fig. | 
) ' 
1 34 Tib. ant. R. Only s.o. increased amplitude, 10 | 100, 200 40, 80 125,250 | Atrophy of calf with foot 
prolonged mean duration, | drop 
increased synchronization 
2 31 ‘ ss S.o.-trans. state, susp. on 18 | 100,200 40, 80 320 ‘ ‘i 
increased synchronization } } 
Hereditary progressive | 
spinal muscular atro- | 
phy, 3 cases (Fig. 2f) , 

1 24 | Quadr. fem. Sometimes very polyphasic 7 | 200,320 40 400 | Excessive atrophy of the 
i. potential | tight muscles A 

2 19 Tib. ant. + | S.o.-trans. state, increased 8 | 200 40 250 No obvious atrophy but high 

| quadr. fem. mean amplitude, prolonged reduced power 
| mean duration, increased 
synchronization ' 

3 27 Pectoralis Some very polyphasic poten- 9 | 100, 125, 200 | 80 400 | Excessive atrophy 

major R. tial, potentials of denervation } 
Syringomyelia 58 | Inteross. dors. | S.o.-trans. state, scattered | 13 200, 320 80 500 | Moderate atrophy of the 
(Fig. 2 f) I, man. L. denervation potential, in- | |; interstitium 
creased mean amplitude, no | | j 
special polyphasic potential | | ’ 
Cerebellospinal ataxia 56 Tib. ant. R. S.o.-trans. state, prolonged | 23 125. 200 40, 64 320 | Moderate reduction of power 
(Fig. 2 f) mean duration | | | in dorsal flexion in foot. 
| | | Reduced deep sensibility 
j | in foot joint : 
Facial paresis, 2 cases | | | s , 
1 12 Facial L. | Reduced activity 4 | Values between! Values _be- | 2000 | Incomplete paresis of 2 days 
400 and 1,600 | tween 40 an | duration 
2 23 Facial R. | Slightly reduced activity, no 8 320-400 160 800-1000 | After 11 days’ regression of 
denervated potentials | Paresis. 16 days’ anam- 
| | | _ nesis. ‘ é 
Peripheral lesion of 28 | Inteross. dors.| Highly reduced activity, 6 100, 200 | 40 | 200 | 3-year-old traumatic lesion 
ulnar nerve L. I, man, L. several very polyphasic po- | | | 
tentials, background activity j = 
Suspected peripheral 28 Several polyphasic potentials | 6 500 200-250 | 800 | Slight atrophy of thenar L. 
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USE OF WALTON’S FREQUENCY ANALYSIS OF E.M.G. 183 
TABLE I—continued 
: | | Number |Peak Frequency} Frequency Values 
~— Diagnosis | Age Muscle E.M.G. Findings of | | Values in c/sec. | Remarks 
| Spectra | (mean value) | Min.—} Max.—3 
Radial paresis L. | 47 | Extensor of Reduced activity; sometimes 3 | 250, 250, 800 | 125, 160, 160 400,400,1600| Partial traumatic paresis 
ead left forearm only s.o. single denervated | 23 m. 
orre- | potentials 
“illa- Polyneuritis ? 65 | Quadr. femor. | Some very polyphasic poten- | 9 200 40-80 320-400 Moderate general weakness. 
con- aS tials but not certainly patho- | Left quadripeds and both 
is to : logical | | calf reflexes missing 
rong Prolapse of cervical 54 | Bic. brachii | Reduced activity, s.o. pro- | 11 100 40 200 Excessive atrophy and highly 
onds intervertebral disk | BR | longed mean duration, some reduced power 
n | | very polyphasic potentials | 
de cor dystrophy, | 
4cases (Fig. 2h) ; 
1 15 Tib. ant. R. Typical findings with myotonic; 16 200 40, 80, 100 800 Only flicker of contraction 
phenomena and spikes with | in tib. ant. R. 
short duration in simple or | 
| polyphasic potentials. Re- | 
| duced activity, partly very | 
irregular background activity 
2 56 Tib. ant.R. | a te 200, 320 Values be- 400 Power of dorsiflexion of foot 
| } | tween 50 greatly reduced 
and 200 | 
3 ae ee ee ; ma 9 200, 400 40,125 | Values be- ‘ na 
ove tween 320 
and 2,500 
3 a ‘ zs ” 10 200 125-160 800, 1,250 E ‘ 
ove Progressive muscular 
dystrophy, 5 cases | 
(Fig. 2i) 
ove 1 37 Tib. ant.R. | Highly reduced activity some- | 7 200-250 40, 80 500 Very low power of dorsi- 
times with s.o. A lot of rapid | flexion 
phases in simple or Poly- | 
| phasic potential 
2 24 Deltoid R. | S.o.-trans. state, a lot of wets | 9 200 40 400, 2,000 | Excessive atrophy of shcul- 
| phases in simple or poly- | der muscles. Very low 
phasic potentials power of deltoid 
the 3 ‘ 30 Quad. fem. As in 1 13 40 40, 80 Values be- | No data available 
all a tween 400 
| and 2,500 
4 8 Tib. ant. R. 9 200, 250 80 Values be- | Greatly reduced power of 
: tween 250 dorsiflexion 
Orsi- { and 2,500 
5 47 Bic. brach. R. ra - 16 100-125, 200 40, 64-80 200-2,500 | Greatly reduced power of 
| flexion in elbow joint 
. 
distribution of half-values. The cases investigated are way by assuming a certain degree of synchronous 
reported in Table I. activity in the motor units. 
bios The rapid action potentials of the facial muscles 
A aie pl deviate from those of the large skeletal muscles, 
. ape a etailed description of the generally which is reflected by a displacement of the maximum. 
BOWR © eee ographic alterations should not be The normal thin spikes of the rabbit muscles have 
a ere. : is, however, of interest toestablish their maximum at a higher frequency than the 
a in - at a e pathological lesions are reflected corresponding muscles in man. 
in the spectrum. oe . . 
nigh N Th ; Inactivity Atrophy.—Buchthal and Pinelli (1952) 
ormal.— Phy of the frequency in the have found in similar cases a reduction of the 
—— of the large skeletal muscles is entirely pean duration. There may be a slight tendency to 
‘ ra i 00 c./sec. (Walton gives 100-200 c./sec.). higher frequencies, for fairly high figures are repre- 
the oO 7. vious change, except a uniformly increased sented in the peak values. The lower half-value also 
amplitude, is introduced in the spectrum when the seems to be displaced towards a higher frequency, 
wer See aes a oem carmen ge eye song which means a change in the shape of the potentials. 
oot. action potentials are dominating the pattern, to 
ility . ‘a 7 * ~ A ’ eg: an. 
strong, when an interference pattern is seen (Fig. 3). Secondary — my eee 4 Wg ng 
ae It is then justified to assume (a) that the motor units pre monei - ee a a . “gee ° aie ze 
in the neighbourhood of the electrode are contri- sr ‘“ vehypastines ca ee ere es ripening 
1 of buting with activities of similar spectra, and (b) that ‘“@©NCy appeared in Irequencies in the Fiper range. 
ea no considerable synchronization is present. At Neurogenic Degeneration of Anterior Horn Cells.— 
on still more forcible contractions there is a variable In post-poliomyelitis paresis, amyotrophic lateral 
change in the spectrum, the frequencies in the 40-50 sclerosis and in cerebellar hereditary ataxia there 
L. bands being stressed. At this point the changes of was a rather striking displacement towards the low 
the spectrum are explained in an uncomplicated peak values, and correspondingly potentials of long 
3 
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Fic. 3.—Histograms from normal muscle in (a) weak, (6) medium 
degree of contraction, in (c) very strong contraction with variable 
change in frequency distribution (Piper rhythm). 


mean duration in the E.M.G., but in hereditary 
spinal progressive atrophy the values were as 
above, partly normal, with very rapid secondary 
peaks. In syringomyelia the spectrum was normal, 
which is in agreement with the findings of the 
ordinary E.M.G. analysis. 


Neurogenic Diseases Probably without Affection 
of Anterior Horn Cells.—No characteristic deviations 
from the normal spectrum were seen. 

In myotonic dystrophy, if anything, there was 
displacement to the left of the frequency peak, 
whereas in progressive muscular dystrophy displace- 
ments of the maximum towards higher frequencies 
were considerable. In those cases where normal or 
broadened action potentials are mixed with rapid, 
polyphasic potentials, as is seen in cases of myotonic 
dystrophy, and in the activity after denervation, we 


have often observed that the higher frequencies are 
poorly represented in the spectrum in comparison 
with the lower ones, in spite of the fact that the 
polyphasic potentials are easily distinguished in 
ordinary analysis. This drawback might perhaps be 
helped somewhat if the analyser’s amplification 
were not the same at different frequencies but were 
weighted in favour of the higher ones. On the whole, 
however, the E.M.G. results in the cases investigated 
are in agreement with Walton’s findings and show 
that the shape of the action potential is mirrored 
in the frequency spectrum in such a way as to bring 
out the characteristic E.M.G. differences between 
neurogenic and myogenic atrophies. This is seen 
partly in the form of a displacement of the value 
of the frequency maximum, and partly by a change 
in shape of the spectrum. Nonetheless, there remains 
the primary question: Does the frequency analysis 
really facilitate the E.M.G. diagnosis ? Our ex- 
perience of this method is, it is true, not over- 
whelming, but we nevertheless dare to maintain 
that in its present approach the gain for the E.M.G. 
diagnostician as regards time and diagnostic safety 
is comparatively insignificant. This, however, 
does not exclude the possibility that the method 
of analysis applied in a different way might well be 
considered to provide information about the group- 
ing of the impulses. We have already touched on the 
possibility of studying the motor units’ mutual 
activity (problems on synchrony) with the technique 
of frequency analysis. 


Summary 


An audiofrequency meter has been used for 
analyzing E.M.G. recordings by Walton’s method. 
It was found to be of a certain but limited value in 
diagnosis. It is suggested that this machine should 
be applied to the study of synchronization. 


We are greatly indebted to the representatives of 
Standard Ltd., Bromma, Sweden, for giving us the 
opportunity for this study by putting an analyzer at 
our disposal. 
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THE EFFECT OF CHLORPROMAZINE ON THE 
ELECTROENCEPHALOGRAM OF EPILEPTIC PATIENTS* 


BY 
WALTER FABISCH 
From the Mapperley Hospital, Nottingham 


Investigations by Courvoisier, Fournel, Ducrot, 
Kolsky, and Koetschet in 1953 had shown that 
chlorpromazine reduces convulsions in mice after 
coramine and in rabbits after nicotine Therefore, 
the drug seemed to suggest itself as an anti- 
convulsant in epilepsy But in 1954 Bente and Itil, 
De Castro and Bérard, and Mayr and Lechner 
observed activation of the electroencephalogram 
(E.E.G.) in epilepsy after the injection of chlorpro- 
mazine, and similar findings were reported in that 
year by Terzian and Ruberti. In 1954, 1955, and 
1956 clinical observers noticed that some patients 
suffering from idiopathic epilepsy showed an in- 
creased number of seizures after chlorpromazine 
and there were also reports of more frequent 
epileptiform seizures after brain surgery, insulin 
coma treatment, in old age, and among large not 
otherwise specified groups of patients in mental 
hospitals during treatment with the drug (Barsa and 
Kline, 1956; Bonafede, 1955; Denber and Bird, 
1955; Fabisch, 1955; Kinross-Wright, 1955; Lomas, 
Boardman, and Markowe, 1955; Munzinger, 1954; 
Robb, 1955; Samad, 1955; Schlichther, Bristow, 
Schultz, and Henderson, 1956; Schmid, 1954; 
Vaughan, Lieberman, and Cook, 1955). Activation 
of the E.E.G. in patients with idiopathic epilepsy 
and symptomatic epileptiform seizures was reported 
by some of these authors as well as by Lyberi and 
Last (1956), Szatmari (1956), Turner, Bérard, Turner, 
and Franco (1956), Zanocco (1955), Balestrieri 
(1955), and Balestrieri and Franceschini (1956) 
observed that in rabbits chlorpromazine in doses up 
to 10 mg./kg. rarely raises but more often lowers the 
threshold for pharmacologically and electrically 
induced convulsions. However, Moyer, Kinross- 
Wright, and Finney (1955) reported that three out 
of four epileptic patients were improved with oral 
chlorpromazine. The fourth patient was made much 
worse. The present investigation and a survey of the 
literature was started when an epileptic patient, who 





*Part of this paper was read at the international European meeting 
of the E.E.G. Society in London in May, 1956. 


had been free from convulsions for about two years 
and was given chlorpromazine against a tension 
state, suffered a convulsive seizure under photic 
stimulation during a routine E.E.G. examination. 


Material and Method 


The first group consisted of epileptic patients, whose 
electroencephalographic characteristics were known 
from earlier recordings. They were selected both from 
hospital wards and an out-patient clinic and were grouped 
as follows:—(a) Patients with persistently abnormal 
inter-seizure recordings (20 patients, 14 male, six female, 
ages 5 to 62 years, mean 30 years); (b) patients with 
fairly normal inter-seizure recordings (20 patients, 13 
male, seven female, ages 16 to 58 years, mean 32 years). 

The second group was a control group of patients from 
hospital wards and from out-patient clinics excluding any 
cases with seizures or head injuries, or who had been 
subjected to brain surgery, insulin coma treatment, 
electric convulsive treatment for at least four months, 
or to whom “ tranquillizing ’’ drugs had been adminis- 
tered. This group consisted of patients diagnosed as 
psychoneurotic, unstable personality and early schizo- 
phrenia in the younger age group, psychoneurosis and 
paraphrenia in the middle age group, and chronic 
schizophrenia and high grade mental defect in the older 
age group (20 patients, 15 male, five female, ages 18 to 
65 years, mean 37-6 years). In most of these cases at 
least one E.E.G. had been taken previously. 

One millilitre of a commercial chlorpromazine solution 
containing 25 mg. of the drug was diluted to 10 ml. with 
normal saline. Of this dilution 1 ml. was injected intra- 
venously every 1 to 14 minutes up to a maximum of 
0-3 to 0-5 mg. per kg. body weight. Immediately before 
the injection a routine E.E.G., including overbreathing 
and photic stimulation, was taken and the recording 
continued while the injection was given. The effect of 
the drug on the E.E.G. was observed as a rule for 
40 to 45 minutes from the start of the injection. More 
than 25 mg. of chlorpromazine in all was not used in 
any case even if the weight exceeded 75 kg. Usually the 
patients had been fasting for about six hours before the 
investigation. 

Medication with anticonvulsants, and, in the control 
group, with sedatives remained unchanged except in two 
cases where physicians sending patients from outside 
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the hospital had discontinued anticonvulsants during the 
week before the investigation. 

Columns 1 to 4 of Table I summarize the distribution 
of sex, age, number of seizures, and some aspects of 
medication in the three groups. Epileptic patients in 
Group (a) have more seizures although they receive more 
of a greater variety of drugs than epileptic patients in 
Group (5). In the control group there are no seizures 
recorded, and sedation at night in the five cases shown 
consisted in sod. amylobarb. 100 to 200 mg., buto- 
barbitone, 100 mg., and paraldehyde, 8 ml., respectively. 
Column 5a, b, and c, summarizes the number of cases 
showing three types of abnormal E.E.G. findings in the 
three groups, namely, delta activity, spikes, and spike- 
and-wave (“‘ petit mal ”’ pattern) in the resting recording, 
and after activation by overbreathing and stroboscopic 
flicker. The effects of activation by chlorpromazine are 
summarized in column 5d. Epileptic patients in Group 
(a) show a much higher incidence of the three abnor- 
malities than those in Group (b) and the controls. 


Results 

Normal Controls.—About 15 minutes after the 
beginning of the injection of chlorpromazine when 
the patient appears to get drowsy the E.E.G. shows 
a general decrease in amplitude, most conspicuously 
in the posterior parts. The dominant frequency, 
i.e., usually the alpha, slows down by | to 2 c./sec. 
Theta activity of 5 to 7c./sec. becomes more 
prominent and spreads from the posterior parts to 
the intermastoid plane and sometimes further for- 
ward. At the same time muscle spike artefact usually 
decreases. Posterior sharp waves of about 250 to 
300 m.sec. duration, resembling lambda waves, are 
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2 to 3 c./sec. activity of moderately high amplitude 
develops in the posterior parts. Very often the 
E.E.G. becomes in general flat and featureless, 
Acoustic and tactile stimuli usually cause the return 
of higher amplitude activity after one to one and a 
half seconds. The same happens when the patient 
stirs spontaneously, i.e., again most probably in 
response to tactile stimuli or painful sensations, or 
if the light is turned on in the room. In cases where 
apparently the level of drowsiness is deeper tactile 
and acoustic stimuli may elicit responses resembling 
K complexes. 


Epileptic Patients in Group (b).—These patients 
with fairly regular inter-seizure recordings show 
essentially similar changes after the injection of 
chlorpromazine. Differences between this group 
and the controls, which can be recognized without 
the help of a wave frequency analyser, lie in the more 
frequent occurrence of an obvious slow wave 
response, usually around 2 to 3 c./sec., a higher 
proportion of the lower frequencies (4 to 5 c./sec.) 
in the theta range, and a more paroxysmal and 
bilaterally symmetrical appearance of these changes. 
There was one exception in a man of 36 who showed 
after 15 to 16 minutes bilateral runs of low-amplitude 
spikes in the posterior parietal regions. 


Epileptic Patients in Group (a).—Table II shows 
in more detail significant abnormal features in this 
group seen before the injection of chlorpromazine 
either in the resting recording or after activation 












































often seen after about 20 to 30 minutes. Occasionally by overbreathing or photic stimulation. Among 
TABLE I 
DISTRIBUTION OF SEX, AGE, NUMBER OF SEIZURES, AND MEDICATION 
1 2 3 4 5 
Group Sex Age (yr.)| No. of Seizures Medication E.E.G 
per Patient 
M.| F No. of | No. of Differ- a . e | 4d 
a Patients ent Drugs — 
wi > 2 
= $22 $23 Fre 
aie) c#e|@ & 
eo < - rs) 
Epileptics a 14 3 30 yr. <1 per year 1 0 0 Delta oe 6 0 i 6 
<ipermonth 2 4 1 
(5-62) > lpermonth 6 7 2 3/sec. spike and wave 2 1 1 
> 1 per week I! 9 3 
Spikes 7 5 0 12 
Epileptics b <1 per year 3 2 0 Delta he z 1 : 6 
31-9 yr. <tLper month 8 5 1 
13 >I permonth 6 7 2 Spikes 0 0 0 | 
(16-58) > 1 per week 1 + 3 
Notknown 2 2 Not known 
Control is) 5 | 3TOeF ; 15 0 Delta a} Ge ee er ee 
| (18-65) 5 1 Spikes 0 0 0 
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EFFECT OF CHLORPROMAZINE ON E.E.G. OF EPILEPTICS 


TABLE II 
RESULTS IN EPILEPTIC PATIENTS IN GROUP (a) 








Bilateral synchronous spikes . | 2 patients 
Unilateral spikes 

parietal 

temporal 
Slow waves 

bilateral 

unilateral . 
Multiple spikes and slow waves 
“ Petit mal” A 
Bilateral theta bursts . ‘ 
Diffuse 2-6 c/s activity 
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these patients with persistently abnormal inter- 
seizure recordings there were two in whom over- 
breathing caused definite abnormalities which were 
not seen after chlorpromazine. One man of 29 had 
a 3/sec. generalized bilaterally symmetrical and 
synchronous spike-and-wave episode lasting about 
25 seconds, the other, a man of 36, showed a burst 


of three seconds’ duration of spikes in thé right, 


posterior parietal region. 

In the remaining 18 patients the following chanaes 
were seen after the injection:—(1) The abnormal 
features occur for longer periods. This was ob- 
served in 3/sec. spike-and-wave episodes, focal 
temporo-parietal spike-and-slow-wave runs, and 
bilateral 2} c./sec. anterior temporo-parietal bursts 
over prefrontal leucotomy lesions. (2) The abnormal 
features occur more often. This was seen in cases 
of unilateral temporal non-focal spikes and of 
temporal focal spikes, bilateral generalized multiple- 
spike and slow-wave bursts and bilateral temporo- 
parietal slow-wave bursts with spikes. (3) The 
amplitude of abnormal wave forms, in particular 
spikes, increases against a flatter background. 
(4) Asymmetries in respect of spikes and/or slow 
waves become more obvious, in part due to higher 
amplitude, flatter background, and greater frequency. 
(5) On many occasions abnormal activity is seen 
after tactile and acoustic stimulation, apparently 
related to fluctuations in the level of drowsiness. 
(6) As a rule several of these changes are seen in 
the same case. 

No patient with a predominantly cortical epilepto- 
genic focus causing Jacksonian attacks is included 
but cerebral trauma was known to exist in two cases, 
one with bilateral prefrontal leucotomy performed 
eight years earlier for conduct disorder accompany- 
ing epilepsy and one with epilepsy after a cerebral 
abscess after fracture of the skull in the frontal areas. 
The latter patient showed right-sided parietal spikes 
extending under chlorpromazine to the frontal and 
temporal areas on the same side. The clinical 
attacks in this case resembled psychomotor 
seizures. 

Figs. 1-6 illustrate some of the points mentioned 
before. The upper part of each picture shows the 
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Fic. 1.—Recording No. 3450 (May 19, 1955). C. G., female, 35 years. 
Five to eight seizures per month. 


Medication: Methoin . Ol g. tds. } 
Phenytoin sod. . Olg. — 
Phenobarbitone sod. . 0-05 g. 


Thirteen minutes after injection, generalized multiple spike- 
and-slow-wave bursts. 























resting recording, the lower part the recording after 
chlorpromazine. 

No convulsive seizures were observed during the 
investigation in any of the 60 patients. Alterations 
of consciousness occurred, as would be expected, 
in a child of 10 suffering from petit mal during the 
prolonged spike-and-wave discharges, and apparent- 
ly in the patient C. G. (Fig. 1) during the multiple 
spike-and-slow wave bursts. Acoustic stimuli of a 
neutral character, e.g., tapping the desk with a 
pencil were most suitable to cause short arousal. 
In the E.E.G. the abnormal features characteristic 
of the particular case often became visible for a few 
seconds and this procedure was often successful 
when repeated, provided the patient was allowed to 
settle again in the drowsy state. Light touch to a 
limb came next as a suitable stimulus to cause short 
changes in the degree of drowsiness reflected in 
the E.E.G. Bright stroboscopic light flashes were 
less useful, probably due to the intensity of. the 








WALTER FABISCH 








2.6.0., 19 poare 


4999 / 14-98 vv en nennthal” cant ntand en Pama 





hi VY I a Ai 
























































8.0., 77 yeare 
3599 / 12-64-95. 



































>t 








EFFECT OF CHLORPROMAZINE ON E.E.G. OF EPILEPTICS 189 


Fic. 2.—Recording No. 4510 (May 10, 1956). W. R., male, 42 years. 
Six to eight seizures per month. 


Medication: Phenytoin sod. -. Ol g. }e ds 
Phenobarbitone sod. « a7 
Phenobarbitone sod. .. 01 g. nocte 


Thirty minutes after injection, sustained bilateral spike activity 
focal around a coronal anterior parietal plane. 


Fic. 3.—Recording No. 4339 (March 14, 1956). J. G., male, 13 years. 
No seizures reported for three years. 
Medication: Phenytoin sod. .. Olg. }o d 
Phenobarbitone sod. -- 0°05 g. ali 
Forty-five minutes after injection, frequent bilateral synchro- 
nous single and grouped spikes, left of slightly higher amplitude 
than right, near the sagittal plane. 


Fic. 4.—Recording No. 3498 (June 2, 1955). W. E., male, 62 years. 
Two to five seizures per month. 
Medication: Phenytoin sod. ‘ -. Ol g. }t 4s 
Phenobarbitone sod. .. 0-05 g. aK 
Thirty-two minutes after injection, increase of number and 
amplitude of right-sided temporal spikes. 


Fic. 5.—Recording No. 3339 (April 12, 1955). E. W., male, 27 years. 
About one seizure per month. 
Medication: Penytoin sod. : .. Olg. }t ts 
Phenobarbitone sod. .. 0-05 g. LR 
Twenty-nine minutes after injection, biparietal synchronous 
1 to 2 c./sec. slow waves near the location of prefrontal leucotomy 
cuts. 


Fic. 6.—Recording No. 3974 (November 15, 1955). B. C., male, 18 
years. Numerous “ dizzy bouts ”’. 


Medication: Methoin .. Ol g.b.d 
Phenytoin sod. . os O82 hea 
Phenobarbitone sod. .. 0-05 g. 


Forty minutes after injection, prolonged right-sided tem- 
poro-occipital spike bursts starting one and a half seconds after 
a noise. 








5.C,, 18 yeare ” lead v ¥ y ¥ 


9978 / 1511-95 
’ Sa 
< O 





utnertnnttindi S| uflyfrarma dad AWS Wanye 
Mp 


rns PN pera ayy 


—_——— TS eee INI nena er a 


SS ee 


Nr heresy, 





Ree me. - Om -- s..— “ oo ae ha ee 


Tr ¥ “T v 


Vanna, nerd banana Jr Wren 
NAT eo Metin fa pn pyr nr 


ere yrnnelanrrmarticnntaghtcrnnantl ah 
{oma Att Yt oredr 


Pp PA DA rr el Waray 9 Sonate 


WW inari ae \ anti yrvael 
iW an A SO al near 





: 








Fic. 6 


illumination, and, when given in quick succession 
(between 3 and 16 flashes per second), because 
they prevented the patient from lapsing into the 
drowsy state. Changes during overbreathing after 
injection of chlorpromazine resembled those seen 
before injection but not those characteristic of the 
drowsy state. It appears, therefore, that the level of 
drowsiness and rapid short changes of this level 
bear some relation to the character of changes of 
the E.E.G. after injection. 

Chlorpromazine caused a fall in the systolic blood 
pressure by about 20 mm. Hg in the recumbent 
position, and patients were encouraged to lie on the 
examination couch for about 30 minutes to avoid 
postural hypotensive faints. In some cases the face 
was pale and the patients complained of sickness 
15 to 20 minutes after the start of the injection. No 
relation was found between circulatory changes and 
changes in the E.E.G. 


Discussion 

The investigations show that intravenous chlor- 
promazine in doses of 0-3 to 0-5 mg. per kg. body 
weight can cause increased paroxysmal and/or 
hypersynchronous activity in the E.E.G. of epileptic 
patients. The changes after the injection are 
essentially similar to those seen in this series of 
patients after activation by overbreathing and photic 
stimulation but they are often more obvious and of 
longer duration. They also resemble the changes 
observed in barbiturate-induced sleep and during 
insulin hypoglycaemia in the few patients where 
these methods had been used before chlorpromazine. 
The known abnormalities were enhanced but new 
abnormal features did not appear. The activation 
was more successful in unstable than in stable 
recordings, i.e., in patients with greater numbers of 
seizures more resistant to treatment. These findings 
are therefore similar to those described and illus- 
trated by Bente and Itil (1954), Mayr and Lechner 
(1954), Szatmari (1956), and Turner ef al. (1956). 
Lyberi and Last (1956) observed activation of the 
E.E.G. in their cases, which included a high propor- 
tion of patients with gross anatomical cerebral 
lesions, under very similar conditions. Investigations 
on animals using as criteria the convulsive threshold 
for drugs and electric current are difficult to compare 
with each other and with clinical findings on account 
of the use of different animals and widely different 
dosage. The comparatively small doses used by 
Balestrieri (1955) and by Balestrieri and Frances- 
chini (1956) in their investigations on rabbits 
(metrazol convulsions, 5 to 10 mg. chlorpromazine 
per kg. body weight) very rarely raised the convulsive 
threshold, while Courvoisier et al. (1953) found 
protection against coramine convulsions in mice 
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with 80 to 100mg. chlorpromazine per kg. body 
weight. Amounts of similar magnitude would be 
unsuitable for clinical purposes. The clinical 
observations by Schlichther et al. (1956) indicate 
that relatively large amounts of chlorpromazine by 
mouth (400 to 600 mg. by mouth in one single dose) 
cause more frequent convulsions than lower doses 
but a definite relationship between dosage of the 
drug and frequency of seizures cannot be recognized 
from the data supplied in the papers. 

The impression gained from most of the publica- 
tions describing clinical observations is that in 
epileptic patients chlorpromazine can increase the 
number of seizures. Certain other groups of patients 
seen in mental hospitals and clinics may be rendered 
liable, too, to experience an increase of epileptiform 
convulsions under chlorpromazine. Many of these 
patients had received physical treatment for psy- 
chotic conditions (insulin coma treatment, leuco- 
tomy), or they suffered from intracranial tumours or 
other acquired or congenital anatomical cerebral 
lesions. In most of these patients seizures had been 
observed at some time or the other before chlor- 
promazine. In most of the papers which deal also 
with E.E.G. investigations increased paroxysmal 
and/or hypersynchronous electrical activity is 
reported. One can, therefore, conclude that chlor- 
promazine can increase an already existing prone- 
ness to (idiopathic) epileptic or (symptomatic) 
epileptiform seizures. This greater proneness can 
be accompanied by an increase of characteristic 
abnormal activity in the E.E.G. in the absence of 
clinical seizures. For this reason chlorpromazine 
can be considered a useful activating drug in clinical 
E.E.G. work, in particular when given by the 
intravenous route. 


Summary 
Chlorpromazine in doses of 0-3 to 0-5 mg./kg. 
body weight intravenously can increase abnormal 
phenomena in the E.E.G. of epileptic patients. In 


patients with unstable inter-seizure recordings 
activation of the E.E.G. is seen more often than in 
patients with rather regular inter-seizure recordings, 
The abnormal features observed after the drug are 
essentially similar to those seen in the resting 
recording or after activation by overbreathing or 
photic stimulation in the individual case. Convulsive 
seizures were not observed with the technique 
described here during or after the activation. These 
findings and a survey of the literature suggest that 
chlorpromazine should be useful as an activating 
drug in clinical E.E.G. work. 


I wish to thank Dr. D. Macmillan, Physician Super- 
intendent of Mapperley Hospital, for his permission to 
examine the patients in the hospital and for his interest 
in the investigation, and Mr. R. Darbyshire for his skilful 
technical assistance. 
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CHOLINESTERASE IN NORMAL AND ABNORMAL HUMAN 
SKELETAL MUSCLE 


BY 


EVELYN B. BECKETT and G. H. BOURNE 


From the Department of Neurology, the London Hospital, and the Department of Histology, 
London Hospital Medical College 


The original theory of neuromuscular transmission 
involving acetylcholine led to the necessity to postu- 
late an enzyme which hydrolysed it. This was done 
by Dale in 1914. It was not until 1932, however, 
that Stedman, Stedman, and Easson were able to 
prepare from horse serum an enzyme which could 
actually do this and which was called cholinesterase. 
The enzyme was then found to be present in a wide 
variety of tissues and in muscle it was observed that 
more cholinesterase was present at the motor points 
than in other parts of the tissue (Marnay and 
Nachmansohn, 1937; Feng and Ting, 1938). 
Couteaux and Nachmansohn (1938, 1940) showed 
that after denervation a certain amount of cholines- 
terase remained in muscle homogenates, a finding 
which suggested that some part of the cholinesterase 
was located in the muscle itself and that the enzyme 
was not restricted entirely to the nervous elements 
in this tissue. 

The precise region of localization of the enzyme 
had to await the development of a suitable histo- 
chemical technique. Such a technique was first 
described by Koelle and Friedenwald (1949). It was 
subsequently modified by Koelle (1951) to eliminate 
diffusion artefacts, and by Couteaux and Taxi (1952), 
Coérs (1953b), Gerebtzoff (1953), Gomori (1952), and 
others. Some of these latter authors introduced 
formalin fixation and the use of buffers at a lower 
pH. With these technical aids it became possible not 
only to study the finer distribution of cholinesterase 
in the motor end-plate subneural apparatus but 
also to study the morphology of the apparatus. The 
motor end-plate was first described by Doyére in 
1840 and was so named by Kiihne (1886). Subse- 
quent studies were made on it largely with the aid 
of silver and gold techniques by Tello (1917), 
Cuajunco (1942), Couteaux (1938, 1941), and Coérs 
(1955) among others. The author who contributed 
most to the study of the morphology of the sub- 
neural apparatus was Couteaux (1947) who, using 
stains such as dahlia violet and Janus green, demon- 
strated that this part of the end-plate was made up 








Fic. 1.—‘“* Classical ’’ motor end-plates (as described 
by Koelle) in rat muscle. Technique used to 
demonstrate cholinesterase employed before 
formalin fixation, so that a clear morphological 
picture was obtained. 


of a series of anastomosing gutter-like structures 
with transverse lamellae (Fig. 1), and suggested that 
this proved the existence of a delineating membrane 
(which he thought to be a continuation of the 
sarcolemma) between the neural and muscular por- 
tions of motor end-plates. This idea was confirmed 
by Couteaux and Coérs, among others, following 
the use of the cholinesterase techniques, and was 
further confirmed in electron microscope studies 
carried out by Robertson on lizard muscle (un- 
published work quoted by del Castillo and Katz, 
1956). 

Very few observations have been made on the 
human subneural apparatus apart from those of 
Coérs (1953, 1955) on normal and pathological 
specimens of muscle. 

The work to be reported in the present paper was 
carried out using Gomori’s (1952) modification of 
Koelle and Friedenwald’s (1949) original technique. 
The pH of the incubation medium for this technique 
is fairly high (about 6-5) and formalin fixation before 
incubation is not used. This means that minimal 
amounts of cholinesterase can be detected, but the 
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morphological 
diffusion. 

Our reason for choosing this method rather than 
that of Couteaux and Taxi (1952), Coérs (1953b), or 
Gerebtzoff (1953) was that we were attempting to 
demonstrate changes in cholinesterase activity in 
pathological, as compared with normal, human 
muscle. Various authors, including Taxi (1952) and 
Couteaux and Taxi (1952), have found, using bio- 
chemical and histochemical methods, that formalin 
inhibits cholinesterase activity to varying extents 
according to the site from which the cholinesterase 
is derived, and we ourselves have noticed that in 
human foetal muscle four hours’ formalin fixation 
at 4°C. causes total inhibition of cholinesterase 
activity at motor-end plates. It, therefore, seemed 
safer to eliminate formalin fixation despite its un- 
doubted advantage in making the tissues easier to 
handle and in producing a clear morphological 
picture. 


picture suffers somewhat from 


Material 


Our series of specimens was taken from various 
sites in the body, but were predominantly specimens 
of gastrocnemius, deltoid, triceps or biceps, and 
comprised both normal and pathological muscle. 
The normal control muscles consisted of one speci- 
men each of trapezius, deltoid, pectoralis major, 
quadriceps, and platysma taken from a young 
healthy adult within one hour after death; one 
specimen each of deltoid, gastrocnemius, triceps, 
and biceps taken within 12 hours of death from 
elderly people who died suddenly and had not 
suffered from any serious illness; one specimen of 
gastrocnemius taken during amputation of a leg| 
which had not been in use for 25 years due to illness‘ 
and accident; and one specimen of iliacus taken 
during cup arthroplasty of the hip for osteoarthritis 
of five years’ standing. 

The muscle taken from the amputated leg ap- 
peared histologically normal apart from some sim- 
ple atrophy, but the specimen of iliacus contained 
scattered muscle fibres which showed basophilic 
degeneration with noticeable stringing and clumping 
of muscle nuclei. The muscle taken from the elderly 
people seemed to be healthy and normal apart from 
a tendency to vacuolation, and the fact that it was 
taken up to 12 hours after death is probably not of 
importance since Bergner and Durlacher (1951) found 
that cholinesterase remained stable in the human 
body for at least 26 hours after death, even if no 
special precautions had been taken to preserve it. 

Our series of pathological muscle specimens 
numbered 33 and were derived from patients suffer- 
ing from a variety of muscular and neuromuscular 
diseases; these included familial dystrophy, pseudo- 


hypertrophic muscular dystrophy, facio-scapulo- 
humeral dystrophy, periodic paralysis, carcinoma-. 
tous neuropathies and myopathies, polyneuritis and 
polymyositis, motor neurone disease, peroneal 
muscular atrophy, and several myopathies or neuro- 
pathies of unknown or doubtful aetiology. The 
biopsy was taken in each case from a muscle in 
which functional capacity was rapidly worsening at 
the time of biopsy, and in all cases the motor point 
was found both by stimulation on the skin surface 
and by direct stimulation of the exposed muscle. 


Technique 

Sections, each of 50, of these muscles were incubated 
for a quarter and a half hour at 37° C. in the incubation 
mixture as described by Gomori, containing 20 mg. 
acetyl thiocholine iodide/10 ml. In most cases further 
sections were incubated for half an hour in a medium 
containing 24-8 mg. butyryl thiocholine iodide/10 ml. 
instead of the acetyl compound. For a time this seemed 
to be an adequate method of control as it would detect 
any non-specific cholinesterase, but as there was the 
possibility that simple esterases might split the acetyl 
thiocholine, sections from about half of the specimens 
were incubated with the acetyl substrate and a concentra- 
tion of 10-5 M eserine salicylate or sulphate. As a further 
control, in a few cases, sections were also incubated with 
the butyryl substrate and eserine. Control sections from 
rat rectus femoris were always incubated with acetyl 
thiocholine and with acetyl thiocholine and eserine for 
half an hour. 

In all cases, the sections were cut into Ringer or 
saturated sodium sulphate and were distributed randomly 
between the various incubation media. In this way the 
possibility of having sections with many end-plates 
incubated in some media and sections with few or no 
end-plates incubated in other media was eliminated. All 
sections were visualized according to the method described 
by Gomori, and after fixation in 10% neutral formol 
saline for half an hour to 24 hours, they were mounted in 
Apathy’s medium. Mounting in Canada balsam proved 
impracticable for human muscle, although in rat muscle 
it improved the morphological picture considerably. 


Results 

In his papers published in 1953 and 1955, Coérs 
describes two basic types of end-plate structure to 
be found in normal human muscle. These are, first 
“* terminaisons en plaque ’’, that is, end-plates which 
have a ribbon-like subneural apparatus similar to 
that found in the rat, mouse, lizard, and other 
animals; and secondly “ terminaisons en grappe” 
which seem to be characteristic of human muscle and 
are composed of small rounded areas of gutter 
aggregated together without any clear-cut con- 
nexion between them. The size of this second type 
of end-plate depends on the number of rounded 
areas of which they are composed. This number 
may vary from three or four to between 30 and 40, 
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so that at their largest these end-plates attain a 
considerable size (Figs. 2 and 3). 

In addition, two other cholinesterase-positive 
structures have been described in human muscle and 
in the muscle of other animals. These are first the 
motor end-plates which are found at each end of the 
intrafusal fibres of muscle spindles, and secondly 
structures situated over the ends of muscle fibres at 
musculo-tendinous junctions. These latter were 
first described by Couteaux in 1953 in muscle of 
frog and mouse and fish, and have since been seen 
in a variety of other animals by Gerebtzoff and his 
co-workers (Gerebtzoff, 1956). 

All of these types of cholinesterase-positive struc- 
tures were present in both normal and pathological 
specimens of human muscle examined by the 
present authors. We found that the “ terminaisons 
en plaque’ or “ classical ’’ motor end-plates were 
arranged in rows across the muscle fibres (Fig. 4), 
as is seen in skeletal muscle of other animals, e.zg., 
rat, mouse, and goat. These end-plates gave a 
stronger reaction for acetyl-cholinesterase than any 
other structure present, and the very rarely occurring 
cholinesterase-positive nerve fibres were always 
associated with them. There appeared to be no 
decrease of acetyl cholinesterase in these structures 
in any pathological condition. 

The positive reaction obtained with acetyl thio- 
choline was completely inhibited by eserine in all 
muscles except for three pathological specimens, 
each having a different clinical diagnosis, and in these 
three cases the residual eserine-insensitive enzyme 
was located in “‘ classical ’’ end-plates. These struc- 
tures were also occasionally the site of non-specific 
cholinesterase. A strong reaction was found there 
by the present authors using butyryl thiocholine 
as substrate both in some of the control muscles 
and in seven of the pathological specimens (Fig. 5). 
The occurrence of a high concentration of this 
enzyme does not seem to be characteristic of any 
particular muscle or of any particular clinical pic- 
ture, as far as we are able to judge from our limited 
series of specimens. In a further eight of our patho- 
logical muscles, a light non-specific cholinesterase 
reaction was obtained, which was sometimes 
associated with structures other than “ classical ”’ 
end-plates. The non-specific cholinesterase was 
always totally inhibited by eserine in the few cases 
where this control was carried out. 

It is of interest perhaps to note here that perfect 
“ classical ’’ end-plates were found in a case of 
motor neurone disease (Fig. 6). Whether this was 
because the biopsy was of unaffected muscle fibres or 
whether in motor neurone disease the end-plates 
remain intact it is impossible to say at present. Only 
studies on a large series of muscle specimens taken 


from cases of motor neurone disease can settle this 
point. 

Intact cholinesterase-positive musculo-tendinous 
junctions were found in several normal and abnormal 
muscle specimens (Fig. 7). These cholinesterase- 
positive structures consist of gutters arranged either 
parallel to each other or in a somewhat reticulate 
fashion to form a “‘ cap”’ over the ends of muscle 
fibres. Similar structures were observed at points 
where muscle fibres appeared to end in the middle 
of a bundle. The reaction intensity for acetyl 
cholinesterase was less than in “ classical ’’ end- 
plates, and seemed to be unaffected by pathological 
lesions, except in two cases, one of peroneal muscu- 
lar atrophy and one of polyneuritis. On only one 
occasion did we find any non-specific cholinesterase 
at musculotendinous junctions. This was present 
in muscle from a case of pseudohypertrophic 
muscular dystrophy, and the reaction obtained was 
very slight. These observations therefore agree in 
the main with those of Coérs and Gerebtzoff, who 
found a weak true cholinesterase activity at these 
junctions. 

In one or two specimens we saw the small motor 
end-plates on intrafusal fibres of muscle spindles, 
and, as far as we could tell from these few examples, 
these end-plates contained only true acetyl choline- 
sterase. 

A variety of other structures containing acetyl 
cholinesterase were observed apart from the “ ter- 
minaisons en grappe”’ of Coérs, which seem to 
constitute the most numerous form of end-plates in 
human muscle. Some of these other structures were 
discovered in pathological specimens of muscle, 
but as they showed no signs of disintegration, and 
other obviously normal end-plates were present, it is 
probable that these are also normal. 

In several muscle samples structures consisting of 
parallel gutters arranged like a cake frill or pallisade 
were found. The gutters tended to be arranged 
somewhat closer together at the centre of the 
structure than at its periphery and occasionally the 
muscle fibre itself was slightly constricted at these 
points. This type of structure might very well 
represent some type of stretch receptor (Fig. 8). 

Other cholinesterase-positive areas were also 
observed which consisted of parallel gutters arranged 
either parallel with or perpendicular to, the long 
axis of the muscle fibre, and in one case of facio- 
scapulo-humeral dystrophy, structures were ob- 
served which were composed of a “ shower” of 
parallel gutters with very well-marked transverse 
lamellae. Whether this latter arrangement also 
constituted a normal type of structure we would not 
like to say. 

One other type of structure consisted of a spiral 
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Fic. 2.-Semi-classical and small “ dotted” end-plates in muscle 
taken from a case of chronic nephritis with non-specific neuro- 
logical signs. These end-plates are probably normal. 


Fic. 3..-Long “* dotted ’’ end-plate in muscle showing simple atrophy. 
This is probably a normal structure. 


Fic. 4.—Line of “ classical ’’ end-plates in normal human muscle 
(No formalin fixation). 


Fic. 5.—Group of “ classical "’ end-plates obtained in human muscle 
using butyryl thiocholine (instead of acetylcholine) as substrate. 
The muscle was from a case of carcinomatous myopathy where 
there was no evidence of any histological abnormality in the 
muscle. In human muscle there appears to be an enzyme which 
can split butyryl thiocholine. It is present only in “‘ classical ”’ 
end-plates, and is not always found there. Its presence or absence 
is not correlated with the clinical diagnosis if muscle is obtained 
from a case of muscular disorder. 


Fic. 6.—Single “* classical *’ end-plate in muscle taken from a case 
of motor neurone disease. 


7.—Acetyl cholinesterase-positive musculo- 


tendinous junctions in normal muscle. 


Fic. structures at 


8.—** Pallisade *’ cholinesterase-positive structure, probably a 
stretch receptor. This was present in muscle showing disuse 
atrophy but is probably a normal structure. 


Fic. 


Fic. 9.—Motor end-plate in form of “spiral”. The muscle was 
taken from a case of ?? thyrotoxic myopathy, but the end-plate 


structure was probably normal. 





gutter wound round a muscle fibre. The concentra- 
tion of cholinesterase varied from place to place in 
the gutter of this structure (Fig. 9). 

At what age these different types of end-plate 
develop is unknown. Coérs (1955) states that up to 
the age of | year in man the end-plates are of 
primitive form and that during the next 12 months 
they develop into “classical ’’ or “* dotted’ end- 
plates. End-plates of various forms have been 
found by the present authors in a boy of 9 years. 


Discussion 

A review of the results obtained in pathological 
specimens of muscle suggests that there is very little 
change in the cholinesterase-positive structures as 
compared with the normal. Certainly there was no 
decrease in the amount of cholinesterase present 
(except in the two instances cited before, where 
there was a decrease of enzyme in musculo-tendinous 
junctions) and in fact, if there was any change at 
all it was in the direction of an increase. Furthermore, 
except in one case of peroneal muscular atrophy 
where Coérs’ (1955) findings were confirmed, it was 
not possible to say that there was any reduction in 
the number of cholinesterase-containing areas. In 
one example of pseudohypertrophic muscular 
dystrophy and one of facio-scapulo-humeral dys- 
trophy, however, signs of end-plate structure 
breaking down were observed. In one of these cases 
(Fig. 10) this was particularly striking, since the 
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Fic. 10.—Motor end-plates undergoing degeneration. 
The muscle was from a case of facio-scapulo- 
humeral dystrophy, but showed little morpho- 
logical alteration. 


clinical condition was of only a few months’ stz2nding 
and there was practically no change in muscle fibre 
structure. It is of interest that a control specimen 
also showed signs of what might have been motor 
end-plate disintegration. In a piece of iliacus, taken 
from a patient with osteoarthritis of five years’ 
standing, there were, in some parts of the muscle 
fibres, numerous small dots of cholinesterase- 
positive material (Fig. 11). These “‘ dots’’ were 
about the size of muscle nuclei, but were almost 
certainly not nuclei and were not artefacts either. 





Fic. 11.—Cholinesterase in numerous structures of various types. 
This was in muscle taken during cup arthroplasty of hip. The 
tiny dots are probably not nuclei. 








Fic. 12.—General view of muscle showing extreme atrophy of muscle 
fibres with replacement by dense connective tissue. This muscle 
was taken from a case of facio-scapulo-humeral dystrophy. 
Despite their extreme atrophy the muscle fibres still have on their 
surface numerous strongly cholinesterase-positive structures. 


One of the most striking things which we have 
observed is that where there is extreme muscle fibre 
atrophy, almost to the point of total extinction of 
structure, the remaining pieces of fibre are almost 
completely covered with cholinesterase-positive 
gutters, sometimes very extensive and often seem- 
ingly normal in appearance (Fig. 12). This was par- 
ticularly obvious in cases of pseudohypertrophic 
muscular dystrophy and familial dystrophy and 
facio-scapulo-humeral dystrophy, and it seems to 
us probable that the presence of cholinesterase and/or 





Fic. 13.—Muscle from a case of polymyositis, showing a stronger 
acetylcholinesterase reaction in atrophied degenerating muscle 
fibres than in the more normal fibres. 
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its end-plate structure has some protective influence 
on the muscle fibre and prevents or delays its 
destruction. 

Our preparations suggested that muscle fibres 
themselves contain large amounts of acetyl cholin. 
esterase. The evidence for this is that, first a strong 
coloration is obtained when muscle sections are 
incubated in a medium containing acetyl thiocholine, 
and the depth of this colour bears no relationship 
to the number of end-plates in the section and is 
therefore not due to diffusion; furthermore, it still 
has the same intensity when no end-plates are 
present at all. This coloration of the muscle fibres 
is almost completely inhibited by eserine if this is 
added to the incubation medium; and the colour is 
absent when butyryl thiocholine is used as substrate. 
These observations are perhaps interesting in view 
of the fact that Couteaux and Taxi (1952) remark 
that it is odd that cholinesterase in the muscle 
substance is not disclosed by histochemical means. 
They suggest that this is due to lack of permeability 
of the sarcolemma, but it seems to us that it is more 
likely to be partly due to species difference and 
partly to technical differences. 

Often where there was evidence of muscle atrophy 
with associated necrosis, there was an increase in 
the quantity of acetyl cholinesterase in the muscle 
substance (Fig. 13), which suggests that it may play 
some part in the processes of degeneration when 
it is present in increased amounts. 


Summary 


Several types of cholinesterase-positive structures 
are present in human muscle, not all of which are 
necessarily motor end-plates. 

The only type of structure which contains non- 
specific cholinesterase in any amount is_ the 
** classical ’’ end-plate, or “* terminaison en plaque ” 
of Coérs. These end-plates also very occasionally 
contain some eserine-insensitive cholinesterase. 

Signs of disintegration of end-plate structure are 
only rarely seen in muscular or neuromuscular dis- 
orders. There is very little evidence of decrease 
in cholinesterase activity in such diseases, and only 
occasionally does one find a decrease in number of 
cholinesterase-positive structures. 

Cholinesterase-containing structures seem to 
exhibit a protective influence on muscle fibres, since 
often where there is extreme fibre atrophy, the parts 
which remain are covered with cholinesterase- 
positive structures. 

There is a considerable amount of cholinesterase 
in the muscle substance, and an increase in this is 
often associated with atrophic necrosis of the muscle 
fibre. 
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removal of these specimens. 
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TUBERCULOUS MENINGITIS 
BY 
G. DONALD W. McKENDRICK, and R. J. GROSE 


From the Infectious Diseases Unit, St. Ann’s General Hospital, London 


There are divergent views on the best method of 
treating tuberculous meningitis and particularly on 
the need or otherwise for intrathecal streptomycin 
(Smellie, 1954; Lorber, 1956). In a previous series 
one of us reported 31 survivors out of 60 cases 
(McKendrick, 1952). Three of these have since died, 
giving a survival rate of 47%. In July, 1952, iso- 
nicotinic-acid hydrazide (I.N.H.) became available 
and since then all cases of tuberculous meningitis 
have received this drug in addition to streptomycin. 
The results are set out below. 


Present Series 
Between July, 1952, and April, 1954, 58 cases of 
tuberculous meningitis were treated. Patients were 
admitted from a wide area and included some 
transferred from other hospitals because they were 
doing badly. 


Criteria 
Diagnosis.—Tubercle bacilli were recovered from 
the cerebrospinal fluid (C.S.F.) in 54 cases, or- 
ganisms being seen on direct film in 50 cases in 
addition to being cultured. Of the four patients 
from whom tubercle bacilli were never recovered, 
one had miliary tuberculosis, one had an active 
primary complex, and the other two had classical 
histories and C.S.F. changes and were deteriorating 
under observation until treatment was started. 
Their subsequent course left no doubt about the 

correctness of the diagnosis. 


Cure.—All 47 survivors have been under observa- 
tion for at least two years since the diagnosis was 
made and over one year since they left hospital. 


Severity.—Cases were classified on admission into 
one of three groups similar, but not identical, to 
those recommended by the Medical Research 
Council (1948). 


Group I: 
Group IT: 


Slight or no meningeal signs 
Meningeal signs but no focal signs, 
or at most involvement of one cranial 
nerve. Disorientated patients were 
included in this group. 
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Group III; Either (a) in coma, or (6) with gross 
focal signs (e.g., hemiplegia, multiple 
cranial nerve palsies) 


Treatment 

Intramuscular and intrathecal streptomycin were 
given as before (McKendrick, 1952) but oral I.N.H. 
was substituted for para-amino-salicylic acid. All 
patients received I.N.H. and intramuscular strepto- 
mycin for a minimum period of six months. From 
August, 1953, the length of intrathecal treatment 
was steadily reduced, and four of the later patients 
had 28 intrathecal injections instead of a previous 
minimum of 42. The criteria for stopping intrathecal 
treatment remained the same as before, viz., (1) 
satisfactory physical and mental progress, (2) weight 
stationary or preferably increasing, and (3) C.S.F. 
showing cells and protein steadily approaching 
normal and a sugar above 40 mg. % (vide infra). 
In addition, three patients had * viomycin ”’, and 
the purified protein derivative of tuberculin was 
used intrathecally in three fatal cases and in two 
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patients who recovered. All patients remained in 
hospital or a convalescent home for 12 months from 
the start of treatment. 


Age 

The age distribution is set out in Table I. Cases 
fell predominantly in the two age groups 0-4 and 
15-19 years, the ages in which primary tuberculosis 
is known to be most serious. Of the 19 patients in 
the 15-19 age group, 10 were classified as being in 
Group III and seven of these 10 patients died. There 
was only one death among patients over 20 years. 
One man aged 67 years with a complicating miliary 


TABLE I 
NUMBER OF CASES (WITH DEATHS) IN DIFFERENT AGE 
GROUPS 











Age of Patient | | | \ 
va |e | 5-9 | 10-14 | 15-19 | 20-24 | 25-29 | 30 

No. of cases 14] 6 ee ee a ee 8 
Deaths Se 22 Sets ea 
% mortality 21 | 0 0 36 >. 2 0 
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tuberculosis made an uneventful recovery but was 
left with bilateral deafness. 


Grading 

Table Il shows the mortality related to the severity 
on admission. The importance of early diagnosis is 
clearly shown, there being only one death in Grade II 
and none in Grade I patients. Fig. 1 confirms the 
finding of Taylor (1954) that the severity on admis- 
sion is not related to the length of history; indeed 
the majority of severe cases had histories of under 
10 days and only 13 patients in the whole series had 
been ill over two weeks. Although some Group III 
patients deteriorated rapidly shortly before admis- 
sion most of them had had symptoms for which 
they might well have been referred to hospital three 
or more days earlier. 


TABLE Il 


NUMBER OF CASES (WITH DEATHS) RELATED TO 
SEVERITY ON ADMISSION 








Grade No. of Cases | No. of Deaths % Recovery 
I 12 0 100 
Il 25 1 96 
ll 21 10 52.4 
Totals | 58 11 





Cerebrospinal Fluid 

Analysis of the cerebrospinal fluids on admission 
showed a variation in cells from 32 to 1,250 with 
the majority (35 cases) between 100 and 400. Forty- 
two patients had protein levels between 100 and 
400 mg.%. The value of a low C.S.F. sugar in 
diagnosis is well known. A normal sugar, however, 
is not rare (Fluker, 1954; McKendrick, 1954; 
Taylor, 1954) and seven patients in this series had 
levels over 50 mg. per 100 ml. on admission. In 
only two, however, did the level not fall below 
4 


40 mg. per 100 ml. at some time either before or 
during treatment. 

The distribution of the C.S.F. sugar levels on 
admission is shown in Fig. 2. In the bulk of the 
cases in all groups these fell between 20 and 40 mg. 
per 100 ml. and it can be seen that there was no 
relationship between the sugar level and the grading 
on admission. Similarly, no correlation was found 
when the sugar level was related to the length of 
history. In common with other workers (Lorber, 
1954; Ashby and Grant, 1955) we have always 
regarded a satisfactory C.S.F. sugar level as one 
of the indications of progress and intrathecal treat- 
ment has usually been continued until this is above 
40 mg. per 100ml. In seven patients intrathecal 
treatment was stopped with the sugar below this 
level and all recovered. Six of these patients had 
had over 90 days’ continuous intrathecal treatment, 
the other having had 58 injections. In five of them 
the sugar level reached 40 mg. per 100 ml. within 
four weeks, but in one it took nine weeks and the 
other 21 weeks after intrathecal treatment ceased. 
Among those who survived, the C.S.F. sugar reached 
40 mg. per 100 ml. in one week in 17 patients, two 
weeks in eight patients, and three weeks in seven 
patients. The remainder took varying periods up to 
34 weeks. The steady rise of C.S.F. sugar after 
starting treatment is a good prognostic sign, but it 
appears that if progress is otherwise satisfactory 
intrathecal streptomycin should not be continued 
just because of a low C.S.F. sugar level. 


Other Tuberculous Lesions 
Table III sets out the other tuberculous lesions 
found. The presence of miliary tuberculosis did not 
affect the prognosis in Groups I and II patients. 
The numbers are too small for firm conclusions but 
it is very suggestive that of seven Group III patients 
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in whom no other tuberculous focus was discovered 
only one died whereas eight out of 13 patients in 
this grade with miliary disease succumbed. 


Compiications 
Cranial Nerve Palsies.—On admission 17 patients 
had 27 cranial nerve palsies between them. The 
seventh, third, sixth, and fourth nerves were affected 
in that order of frequency. Fifteen palsies developed 
after treatment had started, the majority (12) in the 
first 14 days. Recovery was complete in all survivors. 


Paraplegia and Spinal Blocks.—Evidence of a 
spinal cord lesion occurred in eight patients (four 
deaths), a similar incidence to that reported by 
Brooks, Fletcher, and Wilson (1954) who recorded 
10 cases of transverse myelitis in a series of 80 
patients. Four (three deaths) of our patients also 
developed a spinal block, the paraplegia appearing 
first in two of them at the same time as the block 
in one and five weeks after the block in the other. 
Three became frankly spastic with extensor plantar 
responses. Of these one died, one (a child) recovered 
completely after six months’ gross paraplegia in 
flexion, and the other is left with limited spasticity. 
Thus of the four paraplegics who survived only one 
had any residual disability. 

In addition to the four patients with paraplegia 
who developed spinal blocks, spinal block also 
occurred without evidence of cord damage in four 
other patients, two of whom died. This gives an 
overall mortality rate of 62% in patients who 
developed a spinal block. 
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in the aqueduct of Sylvius for which a Torkildsen’s 
operation was finally done. After this she was 
stuporose for a month and developed bilateral third 
nerve palsies. She has since made a complete physical i 
and intellectual recovery and has now been under | 
observation for over three years. 


Intracranial Block.—One girl developed a | 
§ 


Blindness.—Temporary bilateral blindness oc- 
curred in one patient. This started in the third 
month of treatment with loss of colour vision and 
progressed to complete loss of vision without retinal 


changes. It was thought that this might be due to 


I.N.H. and full recovery occurred within three § 


months of stopping this drug. Optic neuritis due to 
I.N.H. has been reported (Keeping and Searle, | 
1955). 


Results ; 
There were 47 (81%) recoveries in the series of § 


58 patients. Serious complications among the 


survivors were few, and at two years from the onset | 


of treatment there were only five patients with a | 
disability sufficient to interfere with their leading a 
completely normal life. 


patient), hemiplegia (one patient), 
retardation (one patient). 


Discussion 


Is intrathecal streptomycin still necessary ? The 
introduction of I.N.H. has virtually doubled the | 


survival rate and there has been a natural tendency 
' 


TABLE III 


COMPLICATING TUBERCULOUS LESIONS 


The disabilities consisted of 7 
severe deafness (two patients), paraplegia (one 7 
and mental | 
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to omit intrathecal treatment. There is ample 
evidence that cases recover without it (Smellie, 
1954), and undoubtedly I.N.H. has made it possible 
to reduce the number of intrathecal injections. In 
company with others (Bernard, Duroux, Lotte, 
Jarniou, Bouvier, and Azorin, 1954; Taylor, 1954; 
Lorber, 1956), we have been slow to abandon a 
régime which has been producing progressively 
better results and we have therefore reduced intra- 

























































29+ FF thecal treatment slowly. In the present series all 
i patients received at least 28 days’ streptomycin with 
> an 81% recovery rate. With a similar régime Lorber 
(1956) had 85% and Bernard ef al. (1954) 93% 
ock } recoveries. The evidence for and against intra- 
en's f thecal treatment is reviewed in the Lancet (1954) 
nh ; and the British Medical Journal (1955). We would 
hing fy SUPPort Lorber (1956) who discusses the problem 
ref and states that as yet there is no convincing evidence 
et from the literature that it is unnecessary. Debré, 
 Brissaud, Kaplan, Noufflard, Raynaud, and Naveau 
(1955) reserve intrathecal streptomycin for all 
oc- }_ children under 2 years and for all other patients 
hird |} who show any disturbance of consciousness. We 
and have now reduced our routine minimum of intra- 
inal f thecal injections to two weeks but they are only 
> to |) stopped then if the general condition is satisfactory 
ree and the C.S.F. improving. 
> to | In the present series neither the length of history 
rle, nor the C.S.F. sugar level bore any relationship to 
the patients’ clinical condition on admission. The 
4 grading on admission is closely related to the amount 
+ of cerebral damage. This is due to vascular involve- 
of @ ment (Cairns and Smith, 1952; Ritchie, Taylor, and 
the Dick, 1953) and is determined in the early stages by 
iset | chance. Obviously as the untreated disease pro- 
1 a/# gresses with increase of exudate the risk of vascular 
ga involvement becomes greater. The prognosis can 
of be easily assessed by the patient’s grading on ad- 
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mission. Of the 11 deaths in this series, 10 were in 
Group III patients, nine of whom had other detect- 
able tuberculous lesions (Table III) and the only 
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death outside this grade was in a patient in Group II 
who had miliary and spinal tuberculosis. In the 
absence of marked cerebral damage there should be 
virtually 100° recovery, with the occasional excep- 
tion of the patient in whom meningitis is combined 
with extensive tuberculous lesions elsewhere. As 
has been so frequently stressed in the past, the need 
for early diagnosis is paramount. 


Summary 


A series of 58 cases of tuberculous meningitis is 
presented. There were 11 deaths (10 in patients 
graded in Group III) giving a survival rate of 81%. 

Treatment was by intramuscular streptomycin 
and oral I.N.H. for a minimum period of six months 
combined with intrathecal streptomycin for at least 
28 days. It is considered that intrathecal strepto- 
mycin is still indicated in the treatment of tuber- 
culous meningitis, although with increasing ex- 
perience it is suggested that this may safely be 
reduced to two weeks in certain cases. 


We gratefully acknowledge much help given by Dr. 
James Macrae, resident physician at Ham Green Hospital, 
where these patients were treated. 
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A NOTE ON TRANSNEURONAL ATROPHY IN THE 
HUMAN LATERAL GENICULATE BODY 


BY 
F. GOLDBY 
From the Department of Anatomy, St. Mary’s Hospital Medical School, London 


The phenomenon of atrophy in nerve cells after 
loss of their afferent connexions has been known 
for many years, but has been demonstrated un- 
equivocally only in the lateral geniculate body, 
where it results from the degeneration and loss of 
afferents from the retina. It is shown by a diminu- 
tion in the size of the perikaryon of the neurones, a 
somewhat variable loss of Nissl granules, a loss of 
intercellular neuropil (due to degeneration of fibres 
from the retina), and glial proliferation. Although 
often described in the older literature as a chroma- 
tolytic degeneration (¢ g., by Minkowski, 1920), it 
does not present the classical picture of chromatoly- 
sis and the usual description as an atrophy of the 
cells is the more appropriate. 

Transneuronal atrophy has been described in 
situations other than the lateral geniculate body, 
e.g., in the spinal cord of the monkey and man after 
posterior root section by Foerster, Gagel, and 
Sheehan (1934) but recent investigations (Cook, 
Walker, and Barr, 1951, and others) have failed to 
confirm these findings. An atrophy of cells scattered 
among many which were unaffected would be 
difficult to detect; this may well be the situation in 
the spinal cord and may account for the lack of 
confirmation. The lateral geniculate body, where 
all the cells receive their afferents predominantly 
and p>2rhaps exclusively from the retina, might well 
show the process in its most obvious and easily 
detected form, and is clearly the region most suitable 
for its study. 

There is much evidence to show that transneuronal 
atrophy in the lateral geniculate body differs in the 
rate at which it proceeds and probably also in 
the degree it reaches in different mammals. With the 
exception, however, of the work of Cook et al. (1951) 
in the cat and rabbit, it is difficult to make com- 
parisons from the published accounts since quanti- 
tative methods have not been used to describe the 
degree of atrophy. It seenas certain that the process 
is rapid and fulminating in primates, for changes are 
evident within seven days of section of the optic 
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nerve (Glees and Clark, 1941). In the cat Cook et al. 
found that changes first became noticeable in the 
second month, and in the rabbit that they were even 
slower in their development. In the cat the atrophy 
amounted to about 25% of the cross-sectional area 
of the cell, and did not increase up to 10 months 
after deafferentation (Cook et al., 1951). 

The normal primate lateral geniculate body, 
including that of man, has been studied extensively 
by quantitative methods (Balado and Franke, 1937; 
Clark, 1941; Chacko, 1948 and 1949) so that 
information about normal cell size, the total number 
of cells and their density is fairly complete. There 
appear, however, to be no similar studies of the 
cells in transneuronal atrophy, so that when a 
human specimen became available it seemed desir- 


able that it should be investigated quantitatively. 


The primate lateral geniculate body is particularly 








suitable for this purpose since, owing to its laminar | 


structure, normal and atrophic laminae are available 
side by side for comparison after unilateral env- 
cleation of an eye, and any particular lamina which 
is atrophic will have its normal counterpart in the 
opposite lateral geniculate body. 

The actual specimen was obtained between 36 


and 40 years after eye enucleation, so that only the | 


long-term results of the atrophy can be considered. 
After so long a period it is probable that a stable 
condition had been reached. The main purpose was 
to investigate the question whether a proportion of 
cells undergo complete dissolution as stated by 
Hechst (1933) and to estimate the percentage loss 
of size of the surviving cells (a) in the large-celled 
laminae 1 and 2, and (db) in the smaller-celled 
laminae 3 to6 Both Hechst (1933) and Clark (1941) 


found that the large cells are less sensitive to deaffer- i 
entation than those of medium size. Besides adding 


precision to this observation, quantitative methods 
might show other differences among the cells of the 


lateral geniculate body in their reaction to de- | 


afferentation. It is realized, of course, that few 
conclusions can be based on an examination of one 
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specimen, but material of this kind does not often 


} become available, so that a record of the observa- 


) tions seemed justified. 


Material 
The specimen was obtained from a man who died at 
the age of 59 years after a thoracotomy for carcinoma of 


) the lung; his left eye had been removed as a result of an 
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injury received in the 1914/18 war. At necropsy a “ few 
small areas of cortical atrophy ” were noted as well as 
marked atrophy of the left optic nerve. There was no 
other evidence of disease or abnormality of the nervous 
system. The brain was fixed in formalin and both lateral 
geniculate bodies were embedded in celloidin, cut 
serially at 25m, and stained with thionin. Good serial 
sections were obtained, cut approximately in a plane at 
right angles to the optic tract and therefore similar to the 
sections used by Chacko (1949) in her investigation of 
cell size in the normal human lateral geniculate body. 
A few sections were lost from the series cut from the 
right lateral geniculate body. 


Observations 

Histology.—Ordinary histological examination 
showed the expected atrophy in the first, fourth, 
and sixth laminae (heterolateral) and in the second, 
third, and fifth (homolateral), and also the charac- 
teristic large cells of laminae 1 and 2 and the medium- 
sized cells of laminae 3 to 6. 

No detailed description is necessary since the 
general features of material of this kind are well 
known. Lipochrome was present in most cells, and 
about equally in those from normal and atrophic 
laminae. The accumulation of this material with 
advancing age seems to be unaffected by deafferenta- 
tion. Nissl granules were present in the cells of both 
normal and atrophic laminae, but were less con- 
spicuous in the latter, which contained a proportion 
of cells in which the cytoplasm was pale and almost 
completely devoid of basophilic particles. It was 
always possible, however, to find many cells in 
atrophic laminae which were normal in this respect. 
In laminae 1 and 2 the contrast between cells which 
showed only a diminution in size, and rather small, 
pale cells in which no Nissl material could be found, 
gave an impression that these laminae might contain 
two types of cell differing strongly in their reaction 
to deafferentation. 

In the deeper laminae, 3 to 6, loss of size and of 
Niss] material seemed rather more marked than in 
laminae 1 and 2 but no impression of more than one 
cell type was given. When normal, the cells of these 
laminae are very uniform, and many of the ap- 
parent variations in size which can be seen result 
from the varying orientation of the elongated cell 
body relative to the plane of section; this orientation 
is generally with the longer axis at right angles to 
the plane of the lamina. There is some tendency for 
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cells to be arranged in clumps or glomeruli as noted 
by Taboada (1928) although this was not a very 
noticeable feature in the present specimen. 

It should be added that apart from the changes in 
the cells characteristic of transneurona! atrophy and 
some increase in the number of neuroglial nuclei, no 
pathological changes of any kind could be detected. 


Loss of Cells in Transneuronal Atrophy.—An 
approximate estimate of cell density in laminae 3 
to 6 was obtained by counting the number of nucleoli 
which could be identified in an area of 0-56 mm.? in 
sections of each lamina; in each case a region from 
the central part of the lamina was selected for 
counting, i.e., a region associated functionally with 
central vision. Since the sections were 25 thick 
it was possible to calculate the number of cells/mm.* 
for the regions counted, with the following results :-— 





Atrophic Laminae 





: Normal Laminae 
Lamina (cells per mm.*) (cells per mm.*) 
3 23,C00 21,000 
4 22,000 22,000 
5 23,000 22,000 
6 18,000 19,000 





These figures are given to the nearest 1,000 and 
are of the same order of magnitude as those obtained 
by Chacko (1948) in the normal lateral geniculate 
body. They show that the cell density is approxi- 
mately the same in the atrophic as in the normal 
laminae, and since each atrophic lamina appears 
considerably shrunken and therefore smaller in 
volume than the corresponding normal lamina on 
the opposite side, a proportion of the cells originally 
present must have disappeared. Unfortunately it 
was not possible to measure the total volumes of the 
laminae owing to the loss of some of the sections from 
one series, but a rough estimate of the relative 
difference in volume between normal and atrophic 
laminae could be made by comparing their areas in 
corresponding sections. Fig. 1 shows outline draw- 
ings of such sections in which the second, third, and 
fifth laminae, receiving uncrossed fibres, are marked 
in solid black. Planimetric measurements showed 
that the total area occupied by the normal laminae 
4 and 6 (left) was 117-4cm.*, and for the same 
laminae (atrophic) on the right, 57-4cm.? Laminae 
3 and 5 (atrophic, left) gave a total area of 49-9cm.? 
and on the right (normal) 94-7cm.? It appears, 
therefore, that the shrinkage in sectional area in 
atrophic laminae is about 50%, and, since the cell 
density is not substantially altered, about half the 
cells originally present must have disappeared. A 
similar estimate was not made from the large-celled 
laminae. These laminae had very indefinite boun- 
daries and, particularly in the atrophic condition, 
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Fic. 1.—Outline drawings of the laminae in four corresponding 
sections from the right and left lateral geniculate bodies. The 
second, third, and fifth laminae, receiving uncrossed retinal 
fibres, are in solid black. 


were very thin in many places. It is doubtful if 
outlines of the sections of these laminae could have 
been made with sufficient accuracy, and, owing to 
the scattered arrangement of the cells in many 
regions, cell counts from sample areas could have 
given very misleading results. From the general 
appearance there was no doubt that the atrophic 
laminae 1 and 2 contained considerably fewer cells 
than the normal. The cell loss was probably not 
very different from that estimated for laminae 3 to 6. 


The Size of Surviving Cells.—The surviving cells 
in atrophic laminae were measured and compared 
with cells in normal laminae as follows. The sections 
were projected at a magnification of * 875, and the 
outlines of cells drawn and their areas measured with 
a planimeter. In this way 90 cells (three samples of 
30) were measured fromm each of six normal laminae 
and an equal number from six atrophic laminae. 
All samples were taken from the central parts of the 
laminae, and the criterion for the selection of a cell 
for drawing was the identification of a nucleolus 
within it. From the figures obtained the means and 
standard deviations for each lamina were calculated. 
The cell size is therefore expressed as a mean pro- 


jection area in u?+ the standard deviation, aiid. the 
results are given in Table I. Histograms have als 
been constructed (Fig. 2) showing the distribution f 
of cell size, but for this purpose the results for the > 
large-celled laminae 1 and 2 have been grouped f 
together and the same has been done for the cel f) 
of smaller size from the four laminae 3 to 6. : 

The principal result from these measurements js f 
shown quite clearly in Table I, namely that the larg: F 
cells of laminae 1 and 2 which survive are reduced 
in mean size (measured as projection area) by from} 
30 to 35%, while the corresponding cells in laminae 
3 to 6 show a greater reduction, varying between | 
40 and 52%. In all laminae the differences in siz 
between the cells of the normal and atrophic 
laminae are highly significant, since these are in no 
case less than 10 times the standard error. That the 
size reduction is some 15% greater in laminae 3 to 6 
than in laminae | and 2 is consistent with the previous | 
observations of Hechst (1933) and Clark (1941) that 
the large cells are less sensitive to deafferentation 
than the smaller cells. 


TABLE I 
SIZE OF SURVIVING CELLS 





Normal Atrophic | 
Cells | 


Cells ’ 

(Mean + (Mean + | Difference | Difference 
Standard Standard ad 
Deviation) | Deviation) 


460+101 | 321489 | 139 
430+ 104 | 281493 149 
289+ S39  140+34 149 
280+ 66 167+41 113 
316+ 55 | 161439 155 
298+ 80 144433 154 


443+103 | 302+93 141 
296+ 67 | 153438 143 


Standard 
Error of 
Difference FF 


Lamina 








1+2 
3 to 6 





The figures for mean size are all given in * and in each individual 7 


lamina (normal or atrophic) are based on measurements of 90 cells. | 
The figures for laminae | and 2 combined are based on 180 and for 
laminae 3 to 6 on 360 measurements. 


A number of smaller differences are also apparent 


from the figures. Some of these, such as the dif- 7 


ference between laminae | and 2 in the size of the 
normal cells (460 as against 430”), are not signifi- ” 
cant in the statistical sense and may be ignored. 
The position is not so clear when the atrophic cells _ 
of laminae | and 2 are compared; the means differ | 
by 40,7 and this is about three times the standard | 
error of the difference, a rather low level of statis- | 
tical significance which could, however, indicate a 
real size difference between the two cell populations. | 


Differences of a similar kind, and with about the | 
same level of statistical significance, can be found | 


between some of the other laminae. In the normal 
condition the mean sizes of the cells in laminae 3 
and 4 are smaller than those of cells in lamina 5, 
while in the atrophic condition they are smaller in 
laminae 3 and 6 than in 4 and 5. While one cannot 
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Fic. 2.—Histograms showing the distribution of cell size in laminae 1 and 2 and laminae 3 to 6 in both the normal and atrophic 
conditions, those for laminae | and 2 being based on 180 and for laminae 3 to 6 on 360 measurements. The width of each column 
represents a range of 26u%, the height, the percentage of the measurements which falls within this range. 


entirely ignore these differences, it is extremely 
doubtful if they have any biological significance. 
The cells, particularly in laminae 3 to 6, are fusiform 
or elongated and show an orientation roughly at 
right angles to the plane of the lamina in which 


‘they are situated. The plane of section therefore 


affects the projection area of a cell quite consider- 
ably. As far as could be judged, all sections used 
were cut in the same or similar planes, but the 
laminae have a somewhat complex curvature and 
small differences between the planes in which 
individual laminae are cut cannot be estimated, or 
allowed for. Such differences are not random and 
might be large enough te account for the rather small 
differences in size which are under consideration. 
For this reason it was thought best to take no 
account of these differences for the purpose of the 
present paper, and to group all the large cells of 
laminae 1 and 2 in one class and the smaller cells 
of laminae 3 to 6 in another, as has been. done in 
the last two lines of the table and in the histograms. 

The histograms (Fig. 2) for laminae 1 and 2 show 


an approximately normal distribution, with rather 
a wide scatter, but no clear evidence of bi-modality 
in either the normal or the atrophic condition. That 
of the normal cells shows that a fairly large number 
are rather small (less than 260”) and there is a 
possibility that these represent a distinct element 
in the cell population of the laminae, although the 
alternative possibility that they are cells, the greatest 
cross-sectional area of which was not shown in the 
section under examination, cannot be definitely 
excluded. The histogram of the atrophic cells shows 
slight skewness to the right, indicating the persis- 
tence of a considerable proportion of cells the mean 
size of which is still close to normal, and these again 
may constitute a distinct group, less sensitive to 
deafferentation than the .majority of the cells in 
these laminae. + 

In laminae 3 to 6 the histograms of both normal 
and atrophic cells show comparatively little scatter, 
and a close approximation to a normal distribution. 
The scatter is considerably less for the atrophic cells, 
and the evidence of the histograms as well as the 
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figures given in Table I confirm the general opinion 
that the cells of laminae 3 to 6 form a substantially 
uniform population, all reacting similarly to the loss 
of afferents from the retina. 


Discussion 

The main purpose of this paper has been to record 
quantitatively some of the features of transneuronal 
atrophy in the human lateral geniculate body, and 
few conclusions can be based on the findings until 
further data are available. Essentially, what has 
been described are the end-results and it would be 
necessary to have similar observations after shorter 
periods before precise and detailed comparisons 
with the process in other mammals can be made. 

The primary cause of transneuronal atrophy is the 
degeneration of afferents from the retina. It is 
reasonable to suppose that its rate and extent will 
vary with their number and that the presence of 
afferents from other sources which remain func- 
tional would reduce the atrophy or prevent it from 
occurring. Judging from the percentage loss of 
cell substance, the cells of laminae 3 to 6 are con- 
siderably more sensitive than the large cells of 
laminae 1 and 2 to loss of retinal afferents, and it 
may be that it is in the deeper laminae only that the 
cells have an exclusive relationship to afferents from 
this source and from one eye only. While there is no 
doubt that lamina 1 receives mainly crossed fibres 
and lamina 2 mainly uncrossed, none of the evidence 
available excludes the possibility that lamina 1 may 
receive a few fibres from the eye of the same side 
and lamina 2 from the opposite eye. An arrangement 
such as this could account for the smaller degree of 
cell atrophy and the persistence of many cells of 
apparently normal size in these laminae; the 
existence of afferents not of retinal origin at all could 
have the same effect. 

There are, of course, other possibilities. Large 
cells may be intrinsically less sensitive to deafferenta- 
tion than small ones, but this raises the general 
question of the relative dependence of nerve cells 
of different types on their afferent connexions, a 
subject about which virtually nothing is known. 

The only other quantitative investigation of 
transneuronal atrophy is the one already referred 
to by Cook et al. (1951) in the cat. Since they found 
a 25% decrease in cell size, with no loss of cells, it 
seems that the atrophy is far less severe than in man 
and presumably in other primates. This is certainly 
the case where only the deeper laminae, 3 to 6, are 
considered. It must be remembered that the longest 
survival period for which there is information in the 
cat is 10 months. The authors state, however, that 
the degree of cell atrophy did not alter appreciably 
after the 63rd day, so there is reason for assuming 
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that a stable condition had been reached. It js 
therefore unlikely that, whatever the survival pcriod, 
the atrophy would go as far as it does in man n the 
smaller-celled laminae, although compariso. of 
specimens where the atrophy has proceeded for 
approximately equal periods is obviously desi: able, 

In the large cells of laminae 1 and 2 the decrease 
in size of between 30 and 35% is not so very different 
from the 25 % observed in the cat, in spite of the very 


much longer survival period in the human specimen, 
This resemblance between the reaction of the large f 


cells in man and of the cells in the pars dorsalis A 
of the lateral geniculate body of the cat which were 


studied by Cook ef al. suggests a neurological f 


similarity. It is possible that in the cat the cells 
studied are not related exclusively to crossed retinal 
fibres, although, as with the large-celled elements in 
man, if both eyes supply afferents to these cells the 
contribution from one must be very small. As 
Clark (1941) has pointed out, the segregation of the 
large cells is a very characteristic feature of the 
primate lateral geniculate body, but the chief pro- 
gressive feature may be the development of the 
deeper laminae with smaller cells, each having an 
exclusive relationship to one eye or the other. 

A feature of the atrophy in the human lateral 


geniculate body which has not been observed in | 
other mammals is the very striking loss of cells ff 


(about 50%) in the affected laminae. This may be 
due to the fact that in animal experiments the sur- 
vival periods have all been comparatively short, 
but in any case it seems unlikely that the death and 
disintegration of a cell can be due directly and solely 
to the loss of afferents. If this were so it would be 
very difficult to see why one cell should survive with 
no change but some diminution in size, while other 
and adjacent cells are so much more severely 
affected. It does not seem probable that so marked 
a difference of reaction could result from differences 
in afferent connexions. It is more likely that the 
death of a proportion of the cells is a secondary 
result of the shrinkage which occurs, itself due in 
the first place to the loss of retinal fibres. The over- 
crowding of cells, with the increased concentration 
of metabolic products which this implies, might be 
expected to result in the survival of only a definite 
and limited proportion, and it is of interest that the 
cell density does in fact remain about the same as 
it is in the normal lamina. The more extreme and 
long-term results of transneuronal atrophy cannot 
necessarily be taken as evidence relevant to questions 
about the number or source of afferent connexions. 


The last point which needs comment concerns the 
size of the cells in the normal laminae. The smaller 


cells of laminae 3 to 6 are about two-thirds the size 
of the large cells in laminae i and 2; Chacko’s 
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figures (1949) show a very similar relationship. She, 
however, was able to show also that there was a size 
gradient in laminae 3 to 6, the cells becoming 
progressively smaller in passing further from the 
surface. The differences were small but “in prac- 
tically all instances, statistically significant”. She 
found also that the crossed laminae contained 
significantly smaller cells than the uncrossed. None 
of these differences was apparent in the present 
specimen where the main purpose was to investigate 
the larger differences between the normal and the 
atrophic cells. Reasons have been given why the few 
smaller differences found among the normal cells 
are probably not biologically significant. It is 
possible that measurements from larger samples of 
the normal cells would have given results similar 
to those obtained by Chacko, but there is no doubt 
that the investigation of small differences of this 
kind in the normal lateral geniculate body requires 
more extensive material than a single specimen in 
which half the laminae are atrophic. The present 
results, therefore, while they provide no confirmation 
of Chacko’s findings, do not make them any the 
less reliable. 


Summary 
In transneuronal atrophy of the human lateral 
geniculate body it is found, as a long-term result, that 
about half the cells in the affected laminae are lost 
after enucleation of one eye. The surviving cells 


show an atrophy (measured as a diminution in 
projection area) of about 32% in the large-celled 
laminae | and 2 and about 48 % in laminae 3 to 6. 

These results are compared with similar quanti- 
tative observations made by Cook, Walker, and 
Barr (1951) in the cat, and the differences discussed. 
It is suggested that the difference in the reaction 
between the large-celled laminae 1 and 2 and 
laminae 3 to 6 in man may mean that only the latter 
have an exclusive relationship to one eye or the 
other and that the presence of these laminae (3 to 6) 
is the main progressive feature of the primate 
lateral geniculate body. 


My thanks are due to Professor W. D. Newcomb for 
the specimen, to Dr. D. A. Sholl for advice on statistical 
methods, and to Mr. R. Jarrett who prepared the 
histological material. 
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A STUDY OF DYSLEXIA 
BY 
ELIZABETH WARRINGTON and O. L. ZANGWILL 
From the Psychological Laboratory, Institute of Neurology, Queen Square, London 


The syndrome of “ pure alexia’’, i.e., alexia 
without aphasia or agraphia, was first recorded in 
this country by Broadbent (1872) and a number of 
cases have since been described in the literature. 
Adequate historical accounts have been given by de 
Massary (1932), Weisenberg and McBride (1935), 
and Russell Brain (1955). In recent years, fresh 
interest in the syndrome has been aroused by the 
excellent study of Holmes (1950). Its possible 
relevance to the problem of specific reading dis- 
ability in children (Ettlinger and Jackson, 1955) 
provides additional grounds for further inquiry. 

Although “‘ pure alexia ” is widely accepted as a 
clinical entity, it has often been pointed out that 
the term is a misnomer. In the first place, the defect 
of reading is commonly, if not invariably, associated 
with other visual deficits. Apart from right hemi- 
anopia (which, with one doubtful exception, has 
been reported in every published case known to us), 
an apparently specific defect of colour recognition 
is almost invariably linked with alexia (Poetzl, 1928; 
Stengel, 1948). Some degree of visual-spatial 
agnosia or disorientation has also been claimed by 
several authors (Wolpert, 1930; Martin, 1954). In 
the second place, minor grades of dysphasia, 
dysgraphia, and dyscalculia can be traced in the 
majority of published cases (Weisenberg and 
McBride, 1935) and may in the opinion of many 
invariably be elicited on careful examination 
(Critchley, 1953). None the less, the predominance 
in certain cases of reading disability without appre- 
ciable involvement of other functions, visual or 
linguistic, would appear an established fact (Brain, 
1955). To this extent at least, alexia may be said 
to present as a circumscribed psychological deficit. 

The cerebral localization of alexia is a matter 
of some interest. Whereas the locus of the lesion 
provoking this syndrome was for long held to be the 
left angular gyrus (Dejerine, 1914), more recent work 
has consistently implicated the basal parts of the 
occipital lobe, in particular the lingual and fusiform 
gyri. Some damage to callosal fibres has also been 
adduced in the majority of cases verified by necropsy 
(Kleist, 1934; Gloning, Gloning, Seitelberger, and 


Tschabitscher, 1955). It is also noteworthy that 
alexia without other signs of visual agnosia has been 
reported regularly to follow left occipital lobectomy 
(Hécaen, Ajuriaguerra, and David, 1952). In its} 
more circumscribed forms at least, alexia would 
clearly appear to be a syndrome of the dominant 
occipital lobe. 

It has been traditional to regard alexia as a highly 
selective variety of visual agnosia, i.e., a loss or 
defect of recognition limited to linguistic symbols 
(though numerals are often excepted). Russell Brain 
(1955), for example, considers the basic defect to lie 
in a failure on the part of the perceived material to [7 
arouse the visual word-schemes (“* memory traces ”) 
which may be assumed to mediate recognition of 
words and evocation of their meanings. Although | 
this view commands wide acceptance it has not gone 
unchallenged. As long ago as 1930, Beringer and { 
Stein attempted an explanation of alexia in terms | 
not of a symbolic defect but of an abnormal func- 
tional lability (pathologische Funk tionswandel) of the 
visual system. This lability was held to produce what )) 
is in effect a concentric constriction of vision leading | 
to grossly impaired perception of fine detail.* In/ 
more recent years a similar explanation has been [ 
repeatedly advocated by Bay (1950, 1953) with | 
reference to agnosia in general. It is pertinent to | 
note that Martin (1954) has also laid stress on | 
sensory deficits, in particular visual disorientation, 
as causal factors in alexia. One may comment that 7 
although the role of visuo-sensory impairment in 7 
alexia may well be appreciable, the existence of a © 
specific and localized central defect of recognition © 
can certainly not be ruled out. Indeed cases such as 
that of Holmes (1950) render explanation in terms § 
other than symbolic loss extremely difficult to 
contemplate. 

In view of the important part played by eye move- 
ments in reading, it has been suggested that some | 
aspects of dyslexia may be traced to derangement 
in the oculo-motor sphere. Thus, a defect of fixation 





*Unfortunately, the relevant psychophysical data upon which this © 
explanation was based were never published and are not now available 7 
(Hassler, personal communication, 1953). 


208 








ve- 
me 
ent 
ion 


this © 
able. 





eetnthethiadinine niecuacee tatetian damental 


= SEMPRA A eee coc Me ner amor a oe ty 


was adduced by Holmes (1950) as a contributory 
factor in his own case. More recently, the relation 
of oculo-motor to alexic disabilities has been fully 
discussed by Gloning and others (1955). It remains 
uncertain, however, whether the abnormality of 
eye-movement control often seen in cases of reading 
disability is primary or secondary to the dyslexia. 
One of the main purposes of the present study is 
to throw further light on this problem. 

We propose in this paper to communicate a cas 
of “ word-blindness ” (verbal alexia) due to a left 
occipito-parietal meningioma in an intelligent right- 
handed man. The defect of reading was the main 
presenting symptom and a relatively persistent post- 
operative disability. Although some defect in fields 
of performance other than reading was established 
on careful examination, it may be doubted whether 
this alexia was any less “ pure ”’ than in many earlier 
cases to which “ purity’ has been ascribed. In 
addition to routine psychological examination, an 
exp2rimental analysis of certain aspects of visual 
function was undertaken and photographic records 
of eye movements will be presented. It is hoped 
that the findings may throw light on the genesis of 
alexia in its more circumscribed forms. 
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Case Report 

N.H. No. 63273.—T.S., an electrician aged 41, was 
admitted under the care of Dr. R. W. Gilliatt with 
complaints of blackouts following a head injury in 1945, 
and of inability to read of recent onset. 

His blackouts had begun nine months after the head 
injury and had continued at intervals of about one per 
month for two to three years. He had had none in the 
past six years. At the beginning of each attack, he would 
see a black shadow moving to and fro on his right-hand 
side; this movement becarne faster and faster and he 
would then lose consciousness for 15 to 20 minutes. He 
was not incontinent in these attacks and had never bitten 
his tongue or otherwise injured himself. 

The patient first noticed difficulty in reading about 
nine months before admission. This became progres- 
sively worse and the patient was now virtually unable to 
read. He stated that although he could see the words 
clearly, they did not mean anything to him unless he 
spelled out the letters one by one. Recently, he had had 
difficulty even in recognizing the individual letters them- 
selves. Words seen every day or in a familiar context, 
e.g., “* electricity ’’, were easier to read than others. The 
patient reported no difficulty in recognizing numerals and 
no defect of calculation. He stated that he could write 
fluently but had noticed some trouble with spelling during 
the past eight months, affecting both long and short 
words alike. He had had no difficulty in speaking or in 
understanding things said to him and denied ever being 
at a loss for names. But he had become somewhat absent- 
minded in recent months, e.g., forgetting where he had 
left his tools. 

On admission, the patient was alert, cooperative, and 
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fully orientated in all spheres. He was adequately 
informed about current events and expressed himself 
fully with a good vocabulary. Apart from some reason- 
able apprehension regarding his symptoms, emotional 
reaction was normal and appropriate. He was fully 
right-handed. 

On neurological examination, there was a complete 
right homonymous hemianopia to _ confrontation, 
apparently splitting the macula. V.A.R. J1 6/9; V.A.L. 
Ji 6/9 (individual letjers). The right fundus was normal; 
the left showed papilloedema, with one small haemorr- 
hage on the disc. The pupils were equal, reacting briskly 
to light and on convergence. External ocular movements 
were full with no squint or diplopia. No nystagmus was 
noted or other abnormality in the cranial nerves. In the 
limbs, no wasting, fasciculations or abnormal movements 
were seen; tone, power, and coordination were normal 
throughout but tendon reflexes were brisker right than 
left and both plantar responses were flexor. Pain, touch, 
and temperature were appreciated normally in all areas; 
fine movements of fingers and toes were accurately 
perceived and two-point discrimination on finger-tips 
and toes was unimpaired. Vibration sense was normal. 
He had no finger agnosia, but slight hesitancy regarding 
the right and left sides of his own body. No apraxia 
was noted. 





Language Functions.—Speech was fluent and on no 
occasion was the patient hesitant or at a loss for a word. 
Grammar and syntax were appropriate and there was no 
paraphasia. Comprehension of spoken speech showed no 
obvious defects and even complicated oral commands 
were executed faultlessly. In naming objects, there was 
occasional hesitancy, perhaps suggesting a minimal 
nominal defect. 

Reading was grossly affected. Individual printed 
letters could as a rule be recognized though occasional 
mistakes were made. In some cases, a letter was recog- 
nized only after the patient had traced its outline with 
the tip of his finger or the point of a pencil (““Wilbrand’s 
sign’’). Short words were as a rule read correctly, though 
slowly, and were often spelled out aloud or silently before 
they could be pronounced. Longer words gave much 
greater difficulty and these the patient could not always 
read correctly letter by letter. There was some evidence 
that increasing the size of the print rendered its com- 
prehension easier. Numerals were read correctly. Some 
hunting movements of the head were observed in reading 
numerals though none while reading words and phrases. 
The patient was able to read the time. Connected prose, 
e.g., newspaper items, could scarcely be read at all, the 
patient stating that he rarely read more than one word 
at a time ard usually had to spell words out before 
becoming aware of their meaning. On the other hand, 
he would occasionally recognize a word imriediately, 
even a long one. Individual words were sometimes mis- 
read, and it is noteworthy that almost all the errors made 
were with reference to word-endings (this is analysed 
more fully below). 

The following text from a newspaper is a sample of 
the patient’s oral reading:— 


A girl who married her employer, a bakery manager, 
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six months after breaking her engagement to a lorry 
driver, had led the jilted man “up the Registrar’s 
garden path ”’. 

It was read as follows:— 


A girl (quickly)—(pause)—who married her em- 
ployer (long pause—I can’t make that word out—the 
manager (pause) six weeks—six weeks after—the 
manager six weeks after—six weeks after breakfast— 
she—her engagement to a lorry driver led her a jilt—a 
man—is it a man ?—“‘no”. I think it’s at the 
Registration—at the Registration Garden Path— 
(that’s what I think it is—I just can’t make out that 
one, I just can’t make sense of it you see). 

(Total time taken 12 minutes.) 


It was noticed that words presented in familiar settings 
could often be read quickly and accurately, e.g., the 
name of a daily newspaper or a popular brand of 
cigarettes. Occasionally, however, mistakes were made, 
as when the patient recognized immediately a familiar 
advertisement of a brand of petrolbut misread “ benzole ” 
as “pool”. Punctuation signs and idiographs (road 
signs) were correctly understood. 

Asked to describe his difficulty in reading, the patient 
» said: “I can see the words but I don’t get what I’m 
looking at—I can see the various letters and that but 
while I’m looking at them I don’t know what they are ”’. 

When asked to fixate the first letter of a 13-letter 
printed word, the patient stated that he was unable to 
see the end of it. This he could do only when his fixation 


Fic. 1.—Specimen of writing. 


. es . L. ZANGWILL | 
ral tulle when my Pryce 


was directed to the ninth or tenth letter. His “ span ” for 
simultaneous perception of printed letters without shift 
of fixation appeared to be roughly seven to the left and 
three to the right of the fixation point. 

In writing, the patient showed moderate disability. 
Spontaneous writing was slow, with rather poor align- 
ment of words on the paper (Fig. 1). There was occa- 
sional difficulty in forming letters and in a few cases 
wrong letters were used, e.g., “ py” for “ by”, “ti” 
for “to”. In general, however, spelling was adequate, 
both written and oral. The patient was able to write the 
letters of the alphabet in capitals with only an occasional 
error, but had much greater difficulty in doing so in 
script. Writing to dictation was halting, with occasional 
mistakes, and copying of printed material appeared even 
more impaired than spontaneous writing or dictation. 
In particular, copying from print into cursive script gave 
great difficulty and was accomplished extremely slowly. 
On the other hand, geometrical designs could be copied 
or drawn from memory without gross defect. 


Calculation was impaired. Although the fundamental | 


rules of arithmetic were understood, mental arithmetic 
was slow and often inaccurate. The patient could not 
perform the 100-7 test. Arithmetic signs were as a rule 
read correctly, but the + and = signs were sometimes 
confused. 


Visual Perception——As has been said, there was a 
complete right homonymous hemianopia to confronta- 
tion. Perimetry with a 2/330 test object suggested that 
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Fig. 2.—Campimetric visual fields. 


there was some macular sparing in the left eye, but this 
finding was thought to be due to defective fixation (Dr. 
R. W. Gilliatt). Campimetry undertaken several weeks 
post-operatively left no doubt whatsoever that the 
maculae were in fact split in both eyes (Dr. G. S. N. 
Russell). The campimetric fields are given in Fig. 2. 
The patient was tested with a series of procedures 
designed to assess the functional efficiency of the peri- 
metrically intact areas of the visual fields. These pro- 


cedures have been described elsewhere (Ettlinger, 1956). 
All tests were applied to the left eye only. On a test of 
local brightness-adaptation (adapted from Bay, 1950) it 


was found that the patient’s “* fading-times ” were within 
the normal range at 5° but above average at 15° and 35° 
suggesting a slightly diminished adaptation rate. (Ac- 
cording to Bay (1953), increase in adaptation rate is to be 
anticipated.) On a test of peripheral visual acuity, the 
findings were within normal limits. On a brightness- 
discrimination test, the findings indicated some loss of 
brightness discrimination in foveal vision, but normal 
results when the stimuli were presented at visual angles 
of 25°, 5°, 15°, and 35° in the left half-field. The results 
of these tests do not suggest significant loss of visual 
efficiency in the perimetrically intact regions of the left 
eye. It can be assumed that the findings in the right eye 
would be essentially similar. 

Colour perception was anomalous. It is possible, 
however, that there was a pre-existing colour weakness, 
probably a deuteranopia. On examination with the 
Ishihara test, the patient was found to be able to read 
only three of the 28 items, despite the fact that his 
recognition of numerals was not affected. He did not 
give the characteristic pattern of any recognized type of 
congenital colour anomaly. 

The patient reported no difficulty in recognizing 
objects, faces, or buildings and no evidence of object 
agnosia was forthcoming on special tests. On the other 
hand, pictures were apt to cause difficulty, irrespective 
of their size. Although individual objects were usually 
perceived correctly, the patient was often unable to 
appreciate the nature of intention of the scene depicted. 
He failed to grasp some rather elementary political 
cartoons in the daily press and could not follow strip 


cartoons. He missed one or two items on the very simple 
“* mutilated pictures ” sub-test at the 6-year level of the 
Stanford-Binet scale. 

On tachistoscopic tests, the patient’s perception of 
forms and letters exposed for short intervals in the intact 
left central field was much retarded though not grossly 
impaired. 

The patient presented no visual disorientation in any 
plane of space. He was able to join scattered dots by 
straight lines without hesitation or error. Drawings of 
geometrical iorms or common objects, though crude, 
showed no gross disorganization. On the Kohs blocks, 
performance, though poor, was not grossly defective. 
On the other hand, the patient found great difficulty with 
the “* block-counting ” sub-test at the 10-year level of 
the Stanford-Binet scale, only half of his responses to 
the 14 items being correct. : 

Topographical orientation and memory were not 
obviously affected. 

On formal psychometric testing, his score on the 
Wechsler-Bellevue vocabulary indicated a premorbid 
1.Q. in the region of 105. There was significant impair- 
ment on block design and arithmetic, though not on 
similarities. Simple memory tests (verbal and visual) 
were poorly performed. On the other hand, Weigl’s 
sorting test was executed faultlessly. 

On E.E.G. examination, the small alpha rhythm at 
8-9 c./sec. was diminished on the left side. Throughout 
this side, though maximal anteriorly, there was nearly 
continuous 6-8 c./sec. rhythm and, intermittently, waves 
at 2-3 c./sec. with sharp phases, showing a focus in the 
fronto-temporal region. The record was not altered on 
overbreathing and flicker stimulation was not tolerated. 
In the light of these findings, it was suggested that a large 
area of the left hemisphere was involved in the dis- 
turbance, with the probability of a lesion deep in the 
hemisphere (Dr. W. A. Cobb). 

Arteriography and ventriculography suggested a large 
left occipito-parietal space-occupying lesion, almost 
certainly a meningioma. At operation (Mr. Wylie 
McKissock) a large left occipito-parietal neoplasm, 
measuring at least 10cm. from before, backwards and 
extending out 8cm. from the midline, was removed 
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Fig. 3.—‘* Ophthalmograph "’ eye-movement records. ligh 

(a) Record from T.S. three weeks post-operatively. S Ig 

(6) Record from T.S. seven weeks post-operatively. this 
(c) Record from a patient with right homonymous hemianopia, no | 
sparing the macula, and residual dysphasia (left occipito- BE 

parietal brain injury). ‘, 
(d) Record from healthy adult subject. fron 
These records are to be read downwards. The short vertical lines are the fixations; the lighter, almost horizontal, lines are the saccadic were 
movements, the large ones to the left carrying the eye from the end of one line to the beginning of the next. : opel 
Some regressive movements are present in all records, more especially in (c) and (d). Each film-strip represents an equivalent reading time. : (Ar 
= gros 
successfully. Pathological examination of the specimen tion than of recognition itself. Errors made in reading § scar 
confirmed the diagnosis of meningioma. lists of single words at this time were observed consis- thre 
Post-operative Progress.—The patient’s post-operative tently to involve the end of the word and never its |§ app 
progress was very satisfactory. One week after operation, beginning. Examples are “ because” for “ beware ”, slov 
speech was fluent: the patient could name a wide variety “labour” for “ labourers ”, “ projectionist ” for “* pro- i sma 
of objects and respond correctly to spoken commands. _jecting ”’, “‘ water ” for “ waste”, “ terrier” for “terror”, |) of ) 
He had no finger-agnosia, apraxia, or disorientation “together” for ‘“ tongue”, and “ oblong” for ‘ ob- sac 
for left and right. The patient could write his name and tained’. The patient seemed aware of this tendency to T 
address, and print the alphabet, but was unable to write misread the ends of words, and stated that his reading fou 
a letter. Copying of print was even more impaired than disability now appeared to be due more to this factor stal 
before operation. Thus, asked to copy the phrase ““ Give __ than to failure to understand meaning. He claimed that was 
me the tools to do the job” (which the patient wrote he could never see more than three or four letters of a side 
from dictation with but a single error), all he could word at the same time. m fro 
produce was “ GIVG ”’. His reading disability appeared At this time, the patient reported some momentary [J spa 
to be unchanged. formed hallucinations in his right visual field (e.g., an ; the 
Two weeks after operation, the patient was reading electric motor or an arm-chair), but without loss or 7} adi 
much better and missing fewer words. He still spelled defect of consciousness. | 
words out to himself, “to make sure I have the right During the post-operative period in hospital constant slig 


answer ”’ but this now seemed more a matter of confirma- 


help and practice with reading were given. The patient | 





COl 


A STUDY OF DYSLEXIA 


was specifically instructed to compensate for his 
hemianopia by lateral head and eye movements along the 
line of print and given systematic practice in doing 
$0. 
Four weeks after operation, it was found that words 
of any length could now be read much more quickly, 
though still well below normal reading speed. Occasional 
errors were still made with word endings. Connected 
passages could now be read aloud quite well, though 
with some omission of small words or of the last letter 
or syllable of a longer word, e.g., “* distinguish” for 
“ distinguishable’. It was observed that the patient 
invariably made short, fast head movements while 
reading. He stated that he now never completely failed 
to recognize a word. 

At this stage, writing had much improved but the 
difficulty in picture interpretation was still present. The 
patient failed to grasp simple pictorial jokes or cartoons 
and occasionally failed to recognize outline drawings 
of animal or human figures. Colour perception also 
remained defective. Tested with the Holmgren wools, 
the patient often failed to select a hue named by the 
examiner, stating that he could not remember its ap- 
pearance. When asked to guess, his guesses were seldom 
appropriate. Naming of colours was inconsistent, with 
some tendency to react to brightness rather than hue 
(e.g., light blue was often called white or grey, pink was 
called pale grey, dark green was called black). The 
patient was quite unable to sort colours according to 
categories of hue. 

Seven weeks after operation, it was noted that the 
patient’s hemianopia was unchanged. Reading and 
writing had improved further, but both remained slow. 
Re-examination 12 weeks after operation indicated a 
slight regression in the patient’s reading capacity. At 
this time he had been discharged from hospital and was 
no longer having daily reading practice. 

Eye Movement Studies.—Eye movement records taken 
from the patient while reading short standard texts 
were obtained three, seven, and twelve weeks post- 
operatively by means of the “ ophthalmograph ” 
(American Optical Co.). All records were found to show 
gross impairment of the normal pattern of saccadic 
scanning movements and fixations. In the records taken 
three weeks after operation, there was scarcely any 
appearance of fixations at all, the motions consisting of a 
slow progression of the eyes along each line of print with 
small irregular backward and forward twitches, many 
of which lacked the step-wise character of the normal 
saccadic movement (Fig. 3a). 

The records taken seven weeks after operation were 
found to be more normal, with some appearance of 
Staircase pattern (Fig. 3b), though scanning of each line 
was more protracted and the number of fixations con- 
siderably higher than in comparable records obtained 
from a patient with a right hemianopia (with central 
sparing) due to a left parietal gunshot wound in whom 
there was but mild dyslexia (Fig. 3c), and from a healthy 
adult subject (Fig. 3d). 

The records obtained after 12 weeks indicated some 
slight deterioration of eye movement responses as 
compared with those obtained seven weeks after opera- 
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tion. As these records were technically imperfect they 
are not. reproduced here. 


Discussion 

This is a case of “ word-blindness’”’ (without 
appreciable “ letter-blindness ”’) associated with a 
large left occipito-parietal meningioma in a right- 
handed man. Writing was but little affected, except 
during the immediate post-operative period, and 
there was no apparent defect of oral comprehension 
or spoken speech. The patient presented a complete 
right hemianopia, splitting the macula, and some 
weakness of colour vision—probably due in part to 
pre-existing deuteranopia. Apart from slight diffi- 
culty in interpreting pictures, there was no real 
object-agnosia or disturbance of spatial perception. 
Visual orientation, in particular. appeared fully 
intact. Nor was there appreciable change in local 
adaptation or discriminative sensitivity to form and 
brightness in the intact left half-fields of vision. 
Photographic eye movement records obtained three 
weéks post-operatively showed gross abnormality. 
There was no apraxia or constructional defect, apart 
from a curious and apparently selective difficulty 
in copying print, as in the case reported by Holmes 
(1950). Except for some slight memory impairment, 
the overall intellectual level was well preserved 
throughout. 

The patient’s reading gradually improved after 
operation with an intensive course of re-education. 
It is noteworthy that this improvement appeared to 
be correlated with increasing awareness of the 
hemianopia and the appearance of compensatory 
lateral head and eye movements in reading. In 
keeping with this improvement, photographic eye- 
movement records obtained s2>ven weeks after 
operation were found to present a more normal 
pattern. One may therefore inquire what (if any) 
relation there may be between defects in oculomotor 
control and this unusually circumscribed alexia. 

It has long been known that disorder in oculo- 
motor coordination and control may present from 
cerebral lesions (Holmes, 1938). In the present case, 
however, there was little to suggest a primary, 
executive derangement of coordinated eye move- 
ments. Fixation was adequate and pursuit move- 
ments of the eyes did not appear grossly ataxic. It 
is therefore probable that the abnormal character 
of the eye-movement records in this case is to be 
interpreted as secondary to a disorder of perception. 
Thus it is easy to suppose that the normal sequence 
of eye movements in reading was slowed and at 
times disrupted by the patient’s failure to grasp the 
sense of what he read. This is of course the most 
obvious explanation and we certainly should not 
wish to discount it. At the same time, our analysis 
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of the patient’s reading disability has suggested to 
us that factors other than agnosia in the traditional 
sense may well have contributed to its origin. As 
such factors do not appear to have been previously 
considered in connexion with alexia we may devote 
some discussion to them. 

This patient presented a complete right hemi- 
anopia without macular sparing. In the earlier 
stages, moreover, he appeared essentially unaware 
of this field defect and there was no evidence that 
he had compensated for it either by the elaboration 
of a “* pseudo-fovea ” (Fuchs, 1922) or by the use 
of small-range lateral eye movements (Critchley, 
1953). Indeed, the degree of neglect of the hemi- 
anopia was so pronounced as to suggest unilateral 
imperception or denial of disability (Critchley, 
1953). At all events, it appears reasonable to assume 
that the patient’s capacity to explore the right half 
of the visual world by means of appropriate eye 
movements was seriously defective. In reading, it 
would appear that he at first made no allowance 
for his field defect and that stimuli whose images fell 
to the right of the fixation point in consequence 
failed to elicit a normal, quasi-reflex, saccadic eye 
movement leading to a fresh fixation. That is to 
say, the reading disability arose, in part at least, 
from a failure in oculomotor adjustment secondary 
to a complete right homonymous hemianopia. 

The above explanation may be held to account 
for several unusual features of the patient’s reading 
disability. Thus it will be borne in mind that he 
was almost always able to read single letters and 
short words, which did not necessitate a shift of 
fixation. Further, his errors in reading longer words 
or phrases almost without exception bore on the 
word endings, suggesting a failure to scan the entire 
word or line. It is also noteworthy that the im- 
provement in reading in the post-operative period 
appeared to be correlated with gain of insight into 
the hemianopia and the compensatory development 
of voluntary lateral head and eye movements. 
Taken together, these findings suggest that an im- 
portant element in the patient’s dyslexia was a failure 
in systematic lateral eye movement from left to right 
with consequent defect in continuous reading. 

It is, of course, well established that not every 
case of right hemianopia presents difficulty in read- 
ing comparable with that observed in the present 
case. Yet it is noteworthy that left occipital lobec- 
tomy, which is known to produce right hemianopia 
without central sparing, is regularly followed by 
circumscribed alexia (Hécaen and others, 1952). 
It is also relevant to note that “ pure alexia”’ is 
seldom encountered in patients with sparing of the 
macula and good awareness of the field defect. In 
such cases, moreover, photographic records of eye 
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movements in reading may present a far less abnor. 
mal appearance (cf. Fig. 3c). Aithough the relations 


between field defects, oculomotor control, and alexia F 
obviously require further elucidation, it is at least 

possible that a combination of defects of the kind f 
we have described may be responsible for the f 
apparent “ purity’ of the alexia in many earlier F 


cases reported in the literature. 

At the same time, we certainly should not wish to 
claim that an explanation along the above lines 
will account for all aspects of the reading disability 
in this case. In view of the presence of correlated, 
if less severe, defects in copying, writing, picture 
interpretation, and calculation, the possibility of a 
central weakness in the recognition of visual 
symbols can certainly not be excluded. Nor would 
we wish to claim that cases of alexia in which the 
defect extends to the recognition of individual 
letters, as in that of Holmes (1950), can be explained 
along these lines. In such cases, it appears necessary 
to postulate a selective agnosia, possibly conse- 
quent upon a defect in visual orientation as sug- 
gested by Martin (1954). We wish to do no more 
than call attention to the significance for reading of 
defective lateral eye movement consequent upon a 
complete right-sided field defect with unawareness 
of hemianopia. The extent to which this combina- 
tion of handicaps may constrain alexia in general 
must await the outcome of further study. 


Summary 
The syndrome of “ pure alexia” is briefly dis- 
cussed. 
A case is reported in which gross defect in reading 
(verbal alexia) was associated with a left occipito- 
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parietal meningioma in a right-handed man. There F 


was a complete right hemianopia but no loss of 


differential form or brightness sensitivity in the 
intact left half-fields. The dyslexia was associated 
with mild dysgraphia and dyscalculia but with no 
defect of speech, comprehension, or spatial judg- 
ment. Colour perception was anomalous. 

‘** Ophthalmograph ”’ eye movement records ob- 
tained post-operatively are presented. These reveal 
gross derangement of the normal pattern of scanning 
movements and fixations in reading. The relation 
of this finding to the right-sided visual field defect 
is considered. 


The relative parts played by visual field defect, 


oculomotor derangement, and loss of recognition 


of visual symbols in the genesis of alexia are dis- | 








cussed. It is concluded that the outspoken character | 


of the alexia in this case was due to an uncom- 
pensated right hemianopia with resultant derange- 
ment of the oculomotor scanning mechanism. 
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We are greatly indebted to Dr. R. W. Gilliatt for his 
kindness in permitting us to study and communicate 
this case, and for his help in the preparation of this paper. 
We have also to thank Dr. W. A. Cobb and Dr. M. F. T. 
Yealland for their assistance in presenting the clinical 
data, and Professor R. C. Oldfield for his invaluable help 
in assessing the eye movement records. Sir Russell Brain 
and Dr. W. Ritchie Russell have kindly commented on 
this paper, but we alone are responsible for the inter- 
pretation placed upon the findings. 
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THE SIGNIFICANCE OF HYPERKINESIS IN LESIONS OF THE 
ANTERIOR STRIATUM IN RHESUS MACACCUS 
BY 
ERIC TURNER 
From Queen Elizabeth Hospital, Birmingham 


In the course of an investigation into respiratory 
control by cerebral structures (Turner, 1954), a 
comparison was made between the levels of kinesis 
shown by four animals with lesions in the anterior 
striatum and other animals with lesions elsewhere 
or with no lesions. It was found that the animals 
which had lesions in the anterior striatum were 
significantly hyperkinetic after operation (Figs. 1 
and 2). 

Further study of these four animals was directed 
towards elucidation of the neurophysiological 
mechanisms involved in the hyperkinesis they 
showed. Augmented forward progression in the 
monkey has been described by Ruch and Shenkin 
(1943), by Mettler and Mettler (1942), and by 
Mettler (1945). In the monkeys described here it 
took the form of long-continued, methodical pacing 
of the floor of the cage. The stereotyped pattern of 
the path covered depended on the shape of the cage, 
but since this was usually a long, narrow rectangle, 
the path was usually from end to end, the turns at 
the end being made in either direction indis- 
criminately. In addition, especially in the immediate 
post-operative period, the animals climbed up the 
walls of the cage, and bored their heads on the roof. 
One animal burst open its wound by doing this, 
and died of meningitis. Thereafter, the roof of the 
cage was made plain, not meshed, and no further 
injury occurred. 

Hyperkinesis has been described from injury to 
various cortical areas in the frontal lobe, but Richter 
and Hines (1938) showed that the factor which 
consistently produced a gross increase in kinesis 
was damage to the anterior end of the caudate 
nucleus and putamen. Davis (1951) pointed out 
that such damage might be the result of impairment 
of the vascular supply, especially in relation to the 
orbital gyri. He also emphasized that special methods 
of recording the increased number of movements 
should be employed, and the reason for this neces- 
sity will emerge from the present study. Davis’s 
recording apparatus has been previously described 
(Davis, 1951; Turner, 1954). 
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In an attempt to find out what factors might in- 
crease or decrease the hyperkinesis in these animals, 
they were studied under various conditions. The 
movements made in each hour of the 24 were 
separately recorded; the effects of light and of 
darkness, of time, of stimuli releasing previously 
taught conditioned reactions, of specific visual and 
auditory stimuli, and of anoxia were recorded. On 
the postulate that the kinesis was reflex in nature 
certain sensory modalities were selectively cut off— 
somaesthetic impulses in one animal, vision in 
another. The anatomical structures damaged were 
tabulated from serial sections, and the physiological 
results compared with the tables. All the animals 
were observed and examined for neurological 
abnormality before and after operation. 


Experimental 

Caudate 1.—A healthy, normal animal of 3 kg. was 
operated upon under “ nembutal’’ anaesthesia in the 
stereotaxic apparatus. Lesions were made on each side 
within the estimated shape of the head of the caudate 
inside the dimensions: A 20, L9 + 2, H+ 4—> + 14, 
and A 18, L9+2,H+5—> 4 15. 

At the end of the application of these massive lesions 
the brain swelled considerably, and gas escaped from 
the puncture holes. While the destructive current was 
being passed, the animal breathed rapidly and audibly 
and movements of the legs were noted. 

Four hours after the operation the animal was seen 
to be climbing up the walls of the cage, repeatedly being 
jolted to a halt by his head encountering the roof. This 
movement was performed over and over again. He was 
ataxic in his movements. 

Next day it was noted that he was drowsy, and that he 
frequently showed periods resembling states of catalepsy 
from which he would start into sudden activity, during 
which he screamed and evinced myoclonic jerks, par- 
ticularly of the shoulder girdles. Anything put near 
him he would grasp and hang on to for a prolonged 
period of time. 

During the next four days he hung for long periods 
on to the bars of the cage, so much so that he did not 
feed himself though he bit voraciously at food advanced 
towards his mouth. This food he might hold in the 
mouth for some minutes before chewing and swallowing 
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Fic. 1.—Records of pre- and post-operative 
measurements in three animals with lesions 
in the heads of the caudate nuclei. ‘“‘Kinesis”’ 
is in numbers of movements per hour, 
weight in kg., “‘ceiling’’ the simulated 
height (in thousands of feet) at which the 
animal failed to perform a conditioned 
reaction. 
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it. He failed to turn his eyes to the left side, though he 
occasionally lunged towards food held in his left visual 
field. Frequently he would go into a state of immobility, 
all four extremities grasping the bars on the floor of his 
cage, his head lowered in a brooding fashion. At these 
times the eyes were kept open, but the pupils were con- 
tracted, and the eyes rolled upwards and laterally. The 
attacks lasted about 30 seconds. Between the attacks, 
which resembled catalepsy, there was slight increase in 
tone in all limbs, while extensors of the wrist and fingers 
showed slight cog-wheel rigidity. Tendon jerks were 
equal, and righting and placing reactions were present, 
though slow. Anti-gravity responses were present, but 
when the animal was raised again the digits did not flex. 
There was a vigorous grasp reflex to cutaneous and 
stretch stimuli. 

Six days after the operation he began to pace about 
the floor of the cage, but still did not take both hands 





off the floor to eat. He had difficulty in backing away 
either from food when he had bitten it, or in order to 
get at food that was below him or behind him. This 
he would vainly try to reach by craning his neck. 

Three months later he had lost the myoclonic jerks, 
and was thought to be normally aggressive. With constant 
exercise he had become very muscular. Grasp was still 
easily elicited in the upper limbs, and he still bit repeatedly 
on any object put near his mouth however unenticing 
this was. He readily distinguished between food and 
ironmongery presented in a tray. 


Caudate 2.—This normal animal of 2:2 kg. was 
operated upon in the stereotaxic apparatus. A lesion 
was placed by electrolysis in the head of the left caudate 
nucleus in the estimated outline of the nucleus between 
the co-ordinates A 19, L9 + 2, H + 4:5 + + 14-5. The 
animal was not disturbed by the operation, and apart 


fron 
no g 
it te 
mal 
tatic 
ope 


dire 
bet\ 
the 

top 
refi 
incl 
son 
late 


and 
tive 


anc 








from a habit of climbing to the top of the cage, showed 
no gross abnormality. Neurological examination showed 
it to be a normally aggressive animal without abnor- 
mality of tone, sensation, reflexes, or response to presen- 
tation of mixed objects. It was killed six weeks after the 
operation. 


Caudate 3.—A normal animal of 2:3 kg. had lesions 
directed bilaterally at the heads of the caudate nuclei 
between the same co-ordinates as Caudate 2. During 
the post-operative period, he climbed consistently to the 
top of the cage, showed a moderately vigorous grasp 
reflex, and a more marked tendency to bite any object, 
including inanimate ones. These tendencies remained to 
some degree until the animal was killed two months 
later. Myoclonic jerks occurred only rarely in the neck 
muscles. When presented with a collection of peanuts 
and ironmongery he grabbed the nearest object irrespec- 
tive of its nature. The nuts he peeled and ate, the other 
objects he rejected—but would pick up again and again 
and bite. There was no other neurological abnormality. 


Caudate 4.—One further bilateral caudate animal was 
operated upon. It bored its head so persistently on the 
cage that it burst open the wound, contracted meningitis, 
and died 19 days after operation. During the post- 
operative period he showed myoclonic jerks of the 
shoulders and neck, and also periods resembling 
catalepsy. The sensory systems appeared to be normal. 


Tests for Kinesis 

These animals were examined in certain special ways. 
The number of bodily movements per hour was measured 
in the fashion described in a previous article (Turner, 
1954). Comparison of the records before and after 
operation showed that they had become hyperkinetic. 
Tests of their resistance to anoxia in a low-pressure 
chamber showed that as a group they did not have any 
gross change in resistance (see Fig. 1). The animal with 
the unilatera! lesion was considerably less hyperkinetic 
than those with bilateral lesions. 

Several special investigations were performed in order 
to try to determine if any factors would increase or 
decrease kinesis. Observations over 24 hours showed 
that Caudate 1 had diminished numbers of movements 
from 6 p.m. when lights were turned out until 1 a.m. 
when it apparently slept until 9a.m. For two hours it 
performed a few movements. Lights were turned on at 
11 a.m. and it then showed a greatly increased number 
of movements during the rest of the day. 

The numbers of movements per hour from 6 p.m. 
until 5 p.m. next day were: 23, 47, 33, 8, 7, 17, 14, 6, 
0, 0, 0, 0, 0, 2, 0, 5, 28, 804, 1031, 919, 992, 1036, 1024, 
1036. 

The unilateral caudate (Caudate 2) showed the 
following numbers of movements from 5 p.m.: 230, 540, 
292 (lights out), 0, 0, 0, 0, 0, 2, 2, 1, 6, 0, 11, 17, 38 (lights 
on), 127, 175, 168, 154, 69, 187, 0, 211, 241, 226. 

Caudate 3 had the following movements from 10 a.m.: 
945, 1217, 1053, 1112, 1063, 976, 978, 1019 (fed), 672, 
639, (lights out), 168, 14, 1, 2, 4, 5, 3, 19, 30, 0, 11, 1, 
293, 581, (lights on), 565, 293, 360, 137, 169. 
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It would appear that the animals kept still during 
normal hours of sleep, and that the presence or absence 
of light was not the decisive factor in determining the 
kinesis of the animal. This corresponds with the findings 
in other animals used as controls. 

Caudate 1 was tested in a cage in the flying chamber. 
This allowed the animal to be watched while the observer 
could be unseen or seen as he chose. Various stimuli 
were applied and the effect on the pacing was observed. 
The animal had been trained to move and stay away from 
a bell at one end of the cage, and from a buzzer at the 
other. Now these sounds cut down the number of 
excursions from one end of the cage to the other from 
371 per hour to 207. When the bell was supplemented 
by a mild electric shock at the same end of the cage the 
number of journeys fell to 27 per hour. These stimuli 
were not applied, but the observer was made visible 
through a window at one end of the flying chamber. 
The numbers of peregrinations during two hours were 
0 and 4 respectively. 

Next day the number of movements per hour was 659, 
and three days later, the number of journeys, in the 
absence of any extraneous stimuli, was 1,453 per hour. 
The effect of stimuli diminished in time, but always the 
most potent was the sight of the observer, while the 
effect of the other stimuli quickly became negligible. 
Clearly a visual stimulus was the most potent of those 
tried. 

The presence or absence of bars on the floor of the 
cage had no profound effect on the kinesis, though bars 
seemed to diminish the numbers of movements to some 
extent. Though this animal had an easily elicited “‘grasp 
reflex ’’ it did not, therefore, prevent the animal from 
pacing. 

Caudate 2 was tested in complete darkness, and the 
average number of movements fell from 218 per hour 
to 67, 63, and 62 on three separate days. 

Caudate 1 had the spinal dorsal columns cut at 
cervical 3-4 level. The numbers of movements per hour 
fell temporarily to 424, but by the twelfth post-operative 
day had risen again to 1,060. It seemed that crude 
proprioceptive sensation together with vision was 
sufficient to maintain pacing. 

During tests of resistance to anoxia it was noticed 
that the animals performed the conditioned reaction 
more consistently when they were slowed down by 
anoxia. At normal levels of oxygenation, their pacing 
activity interfered seriously with their performance. 





Stimulation by Indwelling Electrodes 

One animal had an indwelling electrode placed in the 
head of the caudate (Fig. 3) by the method of Delgado 
(1952). Stimulation of the unanaesthetized animal 
(1 m.sec., 65/sec., 4 V) resulted in a constant pattern of 
movement. The animal held its body erect, its head 
thrown back. The upper limbs were still, each arm held 
flexed at the elbow, the hand upwards towards the head, 
in the position of benediction. The legs performed an 
alternating movement like the stamping dances of 
African negroes. One leg was lifted up, bent at the 
knee, the other was stamped downwards. These move- 
ments of the legs were alternated on the two sides in 
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Fic. 3.—Track of indwelling electrode in head of caudate 
nucleus. Bipolar stimulation was used between the tip 
and a point 2 mm. above the tip. The internal capsule is 
not encroached upon by the track. 





Fic. 4.—The greatest dimensions of the lesions in ‘‘ Caudate 1”. For full description see text. 
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Fic. 5.—A single lesion is present on the left side in ‘“* Caudate 2”’. 


rhythmic fashion. In contrast to the progression seen in 
lesions of the head of the caudate, these movements seen 
on stimulation of the same region bore the appearance 
of recoil or retrogression. The movements were so 
unusual that they were spoken of in the protocols as the 
“ caudate dance ”’, and could be readily recognized. The 
animal did not stop breathing. 


Anatomy 
Dr. Turner McLardy has kindly furnished anatomical 
details of the lesions as shown in serial sections of the 
brains cut transversely in the plane perpendicular to 
Reid’s base line and stained for nerve cells and fibres. 


Caudate 1 (Fig. 4).—** The electrode entry tracks have 
become confluent in each hemisphere in an inverted cone 
of sterile cystic necrosis, replacing the medial half of the 
cortex and white matter of the dorsal frontal gyrus 
(which is mainly agranular and dysgranular in cytoarchi- 
tecture around the margins of the lesion, Betz cells 
occurring only at the caudal extremity), and the whole 


of the cortex and white matter of the cingulate gyrus, 
from the level of the rostral tip of the corpus callosum 
to the level of the anterior commissure. The corpus 
callosum on each side is penetrated over a slightly less 
extensive area. The cingulum and the subcallosal 
fasciculus are completely transected bilaterally. The 
electrode tip lesions are likewise almost symmetrical. 
On each side destruction of caudate nucleus amounts to 
roughly the middle antero-posterior third of its head 
(if the body of the caudate be defined as beginning at the 
level of the rostral tip of the anterior commissure in the 
midline), practically all fibres within the adjacent anterior 
limb of the internal capsule are cut and the dorsal septal 
nucleus is gone, whilst in the region of the ventral angle 
of the anterior horn of the lateral ventricle the dorsal 
half of the fundus striati is destroyed, together with an 
adjacent mesial segment of the putamen and lateral 
portion of the nucleus accumbens and of the lateral 
septal nucleus. In the left hemisphere the lesion con- 
tinues ventro-posteriorly through the rostral-most tip 
of the globus pallidus, the antero-ventral margin of the 
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Fic. 6.—Bilateral lesions in the heads of the caudate nucleus in ‘‘ Caudate 3’. The section on the left is stained by Nissl’s method, that on the 
right for myelin. This figure is reproduced from Brain (77), by courtesy of the Editor. 


anterior commissure, and the subcommissural fibres of 
the internal capsule, to terminate in the lateral pre-optic 


area. In the right hemisphere the lesion continues slightly 
more medially and ventrally, destroying the whole of the 
nucleus accumbens and the whole of the fundus striati 
dorsal to the olfactory trigone. 


Caudate 2 (Fig. 5).—‘‘ The right hemisphere displays 
no pathological or experimental primary lesion. In the 
left hemisphere the electrode tracks cause only minimal 
transit damage to cortex and white matter of the dorsal 
frontal gyrus but cut the cingulum partially and the 
subcallosal fasciculus completely. The electrolytic lesion 
destroys the lateral third of the substance of the caudate 
nucleus at the level where the cross-sectional area of the 
head is greatest and cuts all fibres in the anterior limb 
of the internal capsule. Keeping just lateral to the 
ventral angle of the anterior horn it then destroys the 
whole of the fundus striati and an adjacent mesial 
segment of the putamen to reach the pia mater of the 
orbital prepyriform cortex just posterior to the lateral 
olfactory stria and just medial to the main antero-lateral 
ganglionic vessels. A ventral portion of the lateral 
medullary lamina of the lentiform nucleus is damaged, 
most of the fibres of the diagonal band are cut and a 
small focus of softening is apparent in adjacent temporal 
prepyriform cortex. The caudal extremity of the lesion 
terminates in the substance of the anterior commissure 
under the putamen and in the underlying lateral pre-optic 
area. Softening spreads laterally along the anterior com- 
missure for a short distance into temporal white matter.” 


Caudate 3 (Fig. 6).—‘* Throughout the levels of the 


entry tracks in each hemisphere about half of the total 
digital white matter of the dorsal frontal white matter is 
destroyed. On the left side there is in addition destruc- 
tion of the central one-third of the summit (cytoarchi- 
tecturally premotor) cortex of this region of the gyrus. 
The cingulum is cut bilaterally. On each side the electro- 
lytic lesion is centred just below the dorsolateral wing 
of the anterior horn of the lateral ventricle, destroying, 
from the level of the rostral tip of the corpus callosum 
to mid-septal levels, the ventral half of the corpus 
callosum, the subcallosal fasciculus, and the dorsal 
two-thirds of the head of the caudate nucleus. On the 
right side about three-quarters of the fibres in the anterior 
limb of the internal capsule are cut, whilst on the left side 
almost the whole of these fibres are cut and a dorso- 
medial segment of the putamen is destroyed. On both 
sides the lesion terminates in the centre of the posterior 
end of the head of the caudate at the level of the rostral 
tip of the anterior commissure of the midline.” 


Caudate 4.—‘* This brain (Fig. 7) displays evidence of 
acute meningitis and precise definition of the original 
experimental lesions is further complicated by softenings 
due to damage to ganglionic vessels in each hemisphere. 
The right entry tracks are clean but cut the cingulum; 
the left ones are broadened by necrosis, spare the cingu- 
lum, but open dorsally into a necrosed cone of premotor 
cortex. The corpus callosum is not heavily damaged. 
Structures which appear to have been bilaterally severely 
damaged by the electrolysis itself are the subcallosal 
fasciculus, the po: ‘or half of the head of the caudate 
nucleus, all fibres of the anterior limb of the internal 
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Fic. 7.—Lesions in ‘*‘ Caudate 4”’. 


capsule, a medial segment of the putamen, the whole 
of the fundus striati, orbital prepyriform cortex, the 
lateral olfactory stria, elements of the anterolateral 
ganglionic blood vessels, the lateral half of the nucleus 
of the diagonal band and all fibres connected with it 
laterally, the rostral-most tip of the globus pallidus, the 
anterior commissure, and the lateral pre-optic area. 
Subsequent softening has occurred in both hemispheres 
up the lateral medullary lamina of the lentiform nucleus 
and within the amygdaloid nuclear complex, in the rostral 
tip of the left putamen, and in the dorsum of the genu 
of the right internal capsule.” 


Discussion 

The anatomical damage common to the various 
animals in this study is destruction to the head of the 
caudate nucleus, with damage to the cortex in the 
parasagittal region that varies between a needle 
puncture and gross destruction. The functional 
change common to all of them is locomotor hyper- 
activity in the form of persistent forward progression. 
The results of investigations into factors that might 
diminish or increase the already augmented pro- 
gression suggest that this is still influenced by 
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This animal had died of meningitis: see text. 


somaesthetic and particularly by visual stimuli. The 
sensory impulses necessary for the exhibition of the 
progression have not been elucidated, but probably 
also include proprioceptive and/or visual stimuli. 
Lesions in the posterior columns of the cervical 
cord did not significantly reduce it. The inhibition 
caused by the auditory stimuli associated with a 
conditioned reaction was not in the ordinary way 
sufficient to stop the augmented progression, but 
when the animal was rendered anoxic in a low- 
pressure chamber in the course of another test the 
conditioned stimulus was then obeyed. 

When results of stimulation of the caudate head 
are compared with those of lesions in this region 
they suggest that retrogression is favoured and 
progression is inhibited by some cerebral system 
which included the anterior caudate and fundus 
striati. It would be interesting if the reverse were 
true and progression were favoured by other parts 
of the caudate nucleus, but there is so far no in-: 
formation on this point. (One animal with tiny 
lesions in the tail of the caudate was placid, but 
showed no tendency to retrogression.) 
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Certain other physiological changes were seen, 
and may have borne a significant relationship to 
anatomical findings, but the number of animals is 
small and the results are accordingly uncertain. 
It has been suggested (Mettler, Ades, Lipman, and 
Culler, 1939; Denny-Brown, 1950; and Denny- 
Brown and Botterell, 1948) that the head of the 
caudate nucleus is involved in inhibition of “‘ cor- 
tical automatisms”’ of which grasp and biting 
reflexes are examples. In the animal (Caudate 3) 
with lesions most completely confined to the head 
of the caudate there were definite but mild increases 
in grasping and biting. The animal, however. which 
showed the greatest increase in grasp and biting 
reflexes also showed the greatest amount of damage 
to the cortex (in the superior frontal gyrus), as well 
as damage to the head of the caudate and the fundus 
striati. 

States of catalepsy in the immediate post- 
operative stage seemed to be associated with a 
tendency towards the appearance of myoclonic 
jerks of the neck and shoulder girdles The ana- 
tomical damage in the two animals showing these 
features was extensive in the superior frontal cortex, 
the head of the caudate, and the fundus striati 
bilaterally. One animal with unilateral damage to 
the fundus striati (Caudate 2) did not show either 
feature. It seems likely that the important lesion 
was bilateral damage to the fundus striati and 


anterior portion of the globus pallidus. 


Summary 

Investigation of four rhesus monkeys with lesions 
in the head of the caudate nucleus showed that this 
was a crucial factor in determining augmented 
progression. A fifth animal with an implanted 
electrode in the caudate head showed characteristic 
rhythmic movements of a retrogressive type when 
the part was stimulated in the unanaesthetized 
state. Comparison with animals with lesions in 
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other parts showed that augmented progression was 
not a general feature of brain damage. 

There was also an augmentation of grasping and 
biting reflexes in certain animals in the series. There 
was no significant change in resistance to anoxia 
in the group. The significance of the findings has 
been discussed in relation to the details of the 
damage in the animals as shown in serial sections. 

It is suggested that certain inhibitory effects on 
the various movements which are augmented had 
depended on the integrity of the heads of the caudate 
nuclei, and that these effects may be concerned with 
active contrary movements, e.g., retrogression 
instead of progression. Other inhibitory influences 
are still present, notably visual ones. No effects on 
respiratory function have been noted. 
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ISCHAEMIC AND POST-ISCHAEMIC PARAESTHESIAE 
IN MOTOR NEURONE DISEASE 


BY 


E. W. POOLE 
From the Department of Neurology, United Oxford Hospitals 


In a recent study of ischaemic and post-ischaemic 
paraesthesiae in the upper limb (Poole, 1956a) it 
was noted that the responses in subjects with 
advanced motor neurone disease differed from those 
in normal subjects. This observation seemed 
relevant to the study both of motor neurone disease 
itself, and of factors which determine the production 
of paraesthesiae in normal and other diseased states, 
e.g., polyneuritis (Poole, 1956b). This report is to 
amplify the original observations and to draw 
attention to a simple clinical investigation from 
which useful information may accrue. For a general 
description of ischaemic and post-ischaemic paraes- 
thesiae reference may be made to previous studies 
in this field (Lewis, Pickering, and Rothschild, 1931; 
Zotterman, 1933; Kugelberg, 1944; Weddell and 
Sinclair, 1947; Merrington and Nathan, 1949). 
The abbreviations employed here are I.P. for 
ischaemic paraesthesiae and P.I.P. for the pricking 
and tingling elements of post-ischaemic paraes- 
thesiae. 


Method and Material 

Paraesthesiae were produced in the upper limb by 
circulatory occlusion with a sphygmomanometer cuff 
applied above the elbow. The tests were performed and 
assessed as detailed in a previous report (Poole, 1956a). 
The duration of occlusion varied from nine to 21 minutes, 
10 minutes being adopted as a standard minimum except 
in the cases first studied. In some instances the post- 
ischaemic muscle twitching induced in the intrinsic hand 
muscles was also assessed, as described previously 
(Poole, 1956a). 

Six patients with motor neurone disease were examined, 
four on one occasion each and two on several occasions 
over some months. Three cases were very advanced with 
gross wasting and weakness of limb muscles; the re- 
mainder were less severely affected and retained some 
useful limb movement. To contrast with these results 
tests were performed on patients with other conditions 
causing severe wasting: in three cases convalescent 
from acute anterior poliomyelitis (without residual 
respiratory difficulties) and in two cases of muscular 
dystrophy. Such subjects were not precisely similar to 
those with motor neurone disease in age and wasting. 


Tests were also performed in one case each of syringo- 
myelia, Charcot-Marie-Tooth disease, disseminated 
sclerosis, and carcinomatous neuropathy, all with severe 
wasting; but since these had (with the exception of the 
carcinomatous neuropathy) distinct sensory deficits these 
results were not strictly comparable with other cases and 
have only been noted. 

Muscle power and wasting were assessed clinically. 
The results for the upper arm, forearm, and hand groups 
have been expressed crudely in the Table using the 
M.R.C. grading for muscle power (0, no contraction; 
1, flicker or trace of contraction; 2, active movement with 
gravity eliminated; 3, active movement against gravity; 
4, active movement against gravity and resistance; 
5, normal power). Flexor and extensor groups have not 
been detailed separately because there were no gross 
differences. 


Results 

Data concerning the age, duration of symptoms, 
muscle power, and ischaemic test results are given 
for each subject in the Table. The results for one 
limb only are listed since, with one partial exception, 
symmetrical responses were obtained in the five 
cases of motor neurone disease tested bilaterally. 
In all, 36 tests were performed, but since these 
showed consistent results no more than two have 
been given for any limb. 

It is apparent that all subjects with motor neurone 
disease lacked ischaemic paraesthesiae. The youngest 
(Case 1) perceived faint sensations on the opposite 
limb in some tests, especially the earlier ones, but 
these were more feeble and uncertain than in com- 
parable normal subjects. Post-ischaemic pricking 
and tingling were lacking after occlusions of at 
least 10 minutes’ duration in the three most severe 
longstanding cases (Nos. 1, 3, 4), and with more 
prolonged occlusions only feeble responses were 
provoked. In the other three cases (Nos. 3, 5, 6) 
distinct P.I.P. were perceived after 10 or 11- 
minute tests, but in one (Case 6) were referred to 
only two fingers. 

In contrast all the subjects with anterior polio- 
myelitis or muscular dystrophy experienced promi- 
nent I.P. and P.I.P. with occlusions of 10 minutes 


225 








226 


E. W. POOLE 


TABLE 


ISCHAEMIC AND POST-ISCHAEMIC PARAESTHESIAE IN UPPER LIMBS OF SUBJECTS 


fH MOTOR 


NEURONE DISEASE, ANTERIOR POLIOMYELITIS (CONVALESCENT), OR MUSCULAR 1)¥STROPHY 


























— Muscle Power } Duration | Ischaemic : : , 
a 4 a= | mn | (M.R.C. Grading) ‘< of | Paraesthesiae Post-ischaemic Paraesthesiac 
2 yr. a | | | cclusion — —_ ee 
| (yr.) | Upper arm Forearm Hand (min.) | Intensity Intensity Duration (m* 
Motor Neurone Disease fe 
| 25 | 3-7 1 2 1 10 0 0 0 
38 1 FA 1 18 0 + 3-1 
a-ha | 0-9 1 3 2 20 0 0 0 
|} 19 1 3 2 i 0 0 0 
pees ee ao ‘ 3 
5 | 54 | 0-7 4 4 4 11 0 + + 3 
6 | 68 0-5 3 a 3 10 0 + | 1-6 
Anterior Poliomyelitis | eee naeok ial 
7 20 |} 08 | 3 4 5 10 5-8 
8 | oe 0-5 3 4 3 10 3-5 
9 | 33 0-8 | 2 4 4 9 45 
Muscular Dystrophy | te tea ae 
10 | 39 | ee 4 4 ae 10 | 5-7 
11 | 48 3 4 4 | 10 | 61 
or less. Subjects with syringomyelia, Charcot- was evident after 10 minutes’ occlusions. The 


Marie-Tooth disease, disseminated sclerosis, or 
carcinomatous neuropathy, however, lacked I.P. 
and P.I.P. in such tests, though the subject with 
Charcot-Marie-Tooth disease had atypical I.P. on 
one side. 

In comparing these results and contrasting them 
with those elicited from normal subjects both age 
and duration of ischaemia must be borne in mind, 
since paraesthesiae responses decrease with ageing 
(Poole, 1956a) and the duration of ischaemia 
determines the ensuing post-ischaemic pricking and 
tingling. In 93 normal subjects examined by a 
standard 10-minute test in a previous study (Poole, 
1956a), no subject under 35 lacked clear I.P., but 
over the age of 60 years 58% lacked post-ischaemic 
paraesthesiae. The uniform absence of I.P. in the 
above cases of motor neurone disease forms a 
significant contrast with this (P< 0-01). In the 
same study P.I.P. were lacking in only 4-3% of the 
subjects, all over 64 years in age. The motor neurone 
disease results again form a significant contrast 
(P < 0-01). It is noteworthy that even in the three 
cases perceiving P.I.P. after 10-or 11-minute occlu- 
sions their duration fell towards the lower limits 
found in normals. These results can broadly be 
compared with other paraesthesiae studies (Gilliatt 
and Wilson, 1953; Sinclair and Hinshaw, 1951; 
Marshall, Poole, and Reynard, 1954; Kugelberg, 
1944) and a similar contrast found. 

Observations on post-ischaemic muscle twitching 
in the intrinsic hand muscles were made in five 
subjects with motor neurone disease and in no 
instance was visible twitching clearly provoked, 
despite occlusions of 15 to 20 minutes’ duration 
in three cases. In contrast, in four of the subjects 
with poliomyelitis or dystrophy muscle twitching 


differences in age and in degree of muscle atrophy 
made interpretation difficult, but the motor neurone 
disease responses also formed a contrast with 
experiences in normal subjects (Poole, 1956a; 
Kugelberg, 1944), and this result was in keeping 
with other studies (Poole, 1956a and b) where post- 
ischaemic muscle twitching was lacking when 
paraesthesiae were absent. 


Discussion 

These results suggest that motor neurone disease 
is associated with a reduction in the iterative 
responses provoked by ischaemia. As in ageing and 
polyneuritis (Poole, 1956a and b) both I.P. and 
P.1.P. are affected (and possibly post-ischaemic 
muscle twitching), but I.P. are more frequently 
totally lacking than “ 10-minute’’ post-ischaemic 
pricking and _ tingling. Further observations, 
including comparable serial tests from the earliest 
stage of the disease, are desirable to confirm this 
change and to investigate its clinical value. Parallel 
electrophysiological studies of fibre characteristics 
and responses to ischaemia would be relevant. 

Depression of paraesthesiae responses must be 
due either to impairment of the mechanisms 
activating nerve fibres during and following ischae- 
mia, or to functional changes in sensory innervation, 
assuming of course the competency of the witness. 
Since factors determining paraesthesiae normally 
are ill understood, many aspects have to be con- 
sidered. General factors such ¢s nutritional de- 
ficiency or respiratory embarr.ssment do not 
provide a satisfactory explanation in view of the 


dietary intake and clinical state of satients. 
Local mechanical factors at the cor ion site 
influencing the deformation of the .ve trunks 
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have been claime: 
of ischaemic para...hesiae (Weddell and Sinclair, 


~f importance in the production 


1947). The normality of the responses in the 
poliomyelitis and dystrophy cases indicates that an 
-**aration in local mechanical factors is unimpor- 

t; and moreover such an explanation would not 
account for the depressed post-ischaemic pricking 
and tingling. Lowered temperature of nerve trunks 
relatively exposed by wasting might provide a simple 
explanation, though the effects of cooling on 
paraesthesiae are complex (Poole, 1956a). Care was 
taken to ensure that the limbs were warm before 
examination, and tests performed in Case | when 
varm and cold showed if anything more definite 
responses in the cold. The responses in subjects 
without motor neurone disease did not favour a 
_cooling ” explanation. Moreover, detailed study 
of the ischaemic degradation of vibration perception 
in Case | did not reveal the delay which might be 
expected at reduced temperatures. 

Structural changes in muscle and nerve following 
motor neurone degeneration might disturb the 
mechanisms which are possibly responsible for 
activating nerve fibres in the production of paraes- 
thesiae. Thus changes in the liberation and spread 
of products from ischaemic muscle (e.g., K ions) 
might be relevant, as also changes in the neural 
content and fibrosis of nerve trunks. Méerrington 
and Nathan (1949) suggested that the discharges 
responsible for P.I.P. were dependent on some 
property of a large nerve as such. The normality 
of the responses in the poliomyelitis and dystrophy 
cases does not favour any such simple structural 
explanation, though these cases were not as severely 
affected as those with motor neurone disease. 
Anatomical studies (Sunderland and Bedbrook, 
1949) indicate that even if all the motor fibres 
degenerated in the ulnar nerve the calibre change 


could scarcely be extreme. Finally the possibility 
of a change in the sensory innervation itself should 
not be overlooked. The similarity between the 
present results and those in polyneuritis and ageing 
merits consideration in any satisfying explanation. 


Summary 

Ischaemic and post-ischaemic paraesthesiae re- 
sponses have been studied in the upper limbs of 
six subjects with motor neurone disease, and five 
subjects with muscle wasting from anterior polio- 
myelitis or muscular dystrophy. 

In subjects with motor neurone disease the 
paraesthesiae responses were less than in subjects 
either normal or with wasting from poliomyelitis or 
dystrophy. 

The origin and significance of these differences 
remains obscure; possible sources of explanation 
are noted. 


I am indebted to Dr. W. Ritchie Russell and Dr. J. 
Marshall for advice and criticism, and to A. E. Maxwell, 
M.A., for statistical assistance. Financial support from 
the Nuffield Dominions Trust and a Goodger Scholar- 
ship are gratefully acknowledged. 

The case numbers of the patients studied are: S/1866, 
S/4231, S/6001, S/7816, S/8056, S/9342, S/10428, 
R.1.184507, R.1.200996, R.I.207247. 
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METASTATIC PARAPLEGIA OF PROSTATIC ORIGIN WITH NOTES 
OF A CASE OCCURRING 28 YEARS AFTER 
SUPRAPUBIC PROSTATECTOMY 


BY 
LAMBERT ROGERS 


From the Surgical Unit and the Department of Neurology, Welsh National School of Medicine, Royal Infirmary, 


Cardiff : 


One of the commoner sources of spinal metastasis 
is the malignant prostate, and occasionally a very 
striking picture of secondary prostatic cancer in the 
spine is produced by the appearance in a radiograph 
of the spine of a densely sclerotic or “ivory” 
vertebral body (Rogers, 1955). More often meta- 
stasis occurs in the epidural space and is not 
apparent in radiographs. 

Usually these metastatic spinal tumours have 
arisen from prostates which, on clinical examination, 
may or may not indicate that they are carcinoma- 
tous, but in subjects whose serum acid phos- 
phatase level is elevated. Carcinoma may also arise 
in the remnant of prostatic tissue which remains 
after prostatectomy. 

It is well recognized that suprapubic prostatec- 
tomy is an enucleation of an adenomatous and 
enlarged prostate from a thinned-out and com- 
pressed shell of gland, which forms an adventitious 
or false capsule lying within the fascia of Denon- 
villiers. That this remnant forming the bed from 
which the prostate has been removed may occasion- 
ally become carcinomatous may not be surprising, 
and cases of prostatic carcinoma do sometimes occur 
after prostatectomy. The following example is 
perhaps worthy of record, both because of the late 
onset of paraplegia from a prostatic metastasis 
28 years after suprapubic prostatectomy, and the 
recovery which followed treatment in the patient 
who was aged 79. 


Case Report 


For eight weeks following a brief attack of tenesmus, 
a retired linotype operator aged 79 had increasing weak- 
ness, loss of feeling in the legs, and unsteady walking. 
Twenty-eight years previously suprapubic prostatectomy 
had been performed and seven years later a vesical 
calculus removed by the late Mr. T. E. Hammond, 
of this Unit. Except for these operations he had enjoyed 
good health and had only recently retired from his life’s 
work. He appeared remarkably fit and well for his age. 
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Examination revealed a spastic paraplegia with an upper 
sensory level at the eighth thoracic segment. On rectal 
examination the remnant of the prostatic shell could be 
felt as hard and nodular. The serum acid phosphatase 
was 20-4 units. The cerebrospinal fluid obtained by 
lumbar puncture contained 80 mg. % of protein and 
myelography showed a block in the upper thoracic region 
of the spine. Laminectomy revealed an extradural tumour 
compressing the theca and its contents at the level of 
the second thoracic vertebra. The tumour stripped 
readily from the dura and was removed, and on examina- 
tion proved to be secondary prostatic carcinoma (Fig. 1). 
He was given stilboestrol, made a good recovery, and 
was soon able to walk again. 
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Fic. 1.—Microscopical appearance of extradural tumour (carcinoma ~ 
of prostate) which was compressing the theca at the level of the | 
second thoracic vertebra and producing paraplegia, recovery 
from which followed laminectomy and removal of the tumour. 7 
x 100. 












METASTATIC PARAPLEGIA 


Comment 

It may be contended that the diagnosis was 
apparent because of the nodular prostatic remnant 
and the high concentration of acid phosphatase in 
the serum, also that recovery may have occurred 
with stilboestrol alone and that the decompressive 
laminectomy was unnecessary. On the other hand 
the patient had a compression paraplegia which was 
progressive and for which there may have been other 
causes such as a primary tumour of the spine, the 
cord or its nerve roots or meninges, especially as 
there was no radiological evidence of metastasis in 
the spine or elsewhere; moreover, it did not appear 
justifiable to risk further compression of the cord 
while waiting to test the effect of stilboestrol therapy. 
In any event the outcome of this elderly patient, 
now in his eighties, was satisfactory. 

The frequency with which carcinoma develops in 
the prostatic bed after prostatectomy for apparently 
benign enlargement of the gland is variously 
estimated as from 3 to 11:5% (Smith and Woodruff, 
1950, 39 of 648 patients, i.e., 6%; Bakalim, 1952, 
87%; Caine, 1954, 3%; McDonald and Coburn, 
1954, 11-5%; McCrea and Karafin, 1955, 4:3°%). 
There are two possible sources of this occurrence: 
either a so-called occult carcinoma in the apparently 
benign gland, the presence of undetected carcinoma 
in clinically diagnosed benign hypertrophy having 
been estimated as 9% (Labess, 1952), or else a 
malignant change in the thinned-out and compressed, 
but otherwise normal, prostatic tissue which con- 
stitutes the prostatic shell from which the hyper- 
trophic glandular tissue has been removed. 

The interval between suprapubic prostatectomy 
and the discovery of carcinoma is given by Smith 
and Woodruff (1950) as under five years in four 
cases and as 10 years or over in three others. In 
none of the reported cases mentioned in any of the 
papers to which I have had access is there an 
interval approaching 28 years, as in the case re- 
corded here. This long interval would suggest that 
in this case neoplasia occurred in the prostatic 
remnant or shell and makes it exceedingly unlikely 
that the prostate removed 28 years before the 
spinal metastasis contained carcinoma. This is 
further supported by the fact that sections of the 
prostate had been kept, and, when recently further 
examined, confirmed the simple hypertrophy of the 
gland at the time of its removal (Fig. 2). 


OF PROSTATIC ORIGIN 


Fic. 2.—Microscopical appearance of prostate removed 28 years 
before removal of the tumour shown in Fig. 1. The pathologist’s 
report is, ‘*‘ adenomatous hypertrophy ” and careful examination 
failed to réveal any “‘ occult carcinoma’”’. x 100. 


Summary and Conclusion 


The incidence and reasons for the occurrence of 
cases of carcinoma of the prostate after suprapubic 
prostatectomy are discussed. A case is recorded 
in a man aged 79 in whom carcinoma developed in 
the shell or remnant of prostatic tissue 28 years 
after suprapubic prostatectomy had been performed 
for a benign enlargement of the prostate. Metastasis 
took place to the epidural space at the level of the 
second thoracic vertebra where it compressed the 
cord and produced paraplegia, from which recovery 
ensued after decompressive laminectomy and 
stilboestrol therapy. 
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PROCEEDINGS OF THE SOCIETY OF BRITISH NEUROLOGICAL 
SURGEONS: 55th MEETING 


The 55th meeting of the Society of British Neurological Surgeons was held in Dublin from May 16 to 
18, 1957, as a joint meeting with the Irish Ophthalmological Society (36th meeting). The two Presidents, 
W. R. Henderson (Leeds) and Alan J. Mooney (Dublin), occupied the chair in rotation. 


Some Neuro-Ophthalmological Problems 

ALAN J. Mooney (Dublin) discussed a number of 
problems common to the ophthalmologist and the 
neurologist and illustrated these with individual case 
histories. He illustrated first two cases in which errors 
in diagnosis had been made. In the first an unnecessary 
cranial operation had been undertaken in 1935 whereas 
today investigation by cerebral angiography would have 
avoided the necessity. In the second, delay in operating 
on an acoustic neurinoma had resulted in blindness from 
secondary optic atrophy, and he stressed the fact that 
the presence of papilloedema constituted an urgent 
reason for definitive diagnosis, if necessary, by explora- 
tory operation. 

He then discussed the problem of congenital lesions 
of the optic discs simulating papilloedema. Such lesions 
were not rare and were sometimes, but not always, 
associated with hypermetropia. The presence of colloid 
bodies at the disc margin, fibrosis on its surface, and the 
absence of both a florid congested appearance and 
darkening of the veins after they pass over the disc 
margin should arouse doubts about the condition being 
pathological. Two cases were cited in which a mistaken 
diagnosis of papilloedema had been made in such 
circumstances, later investigations for an intracranial 
lesion proving negative. It was suggested that where the 
diagnosis of papilloedema was in doubt, repeated 
observations over a period of time might provide the 
true answer. 

The difficulties inherent in diagnosis in patients with 
hypertensive retinopathy were discussed. Two cases 
were cited of this condition in one of which the diagnosis 
was true hypertension and in the other hypertension was 
complicated by an associated intracranial tumour, later 
removed at operation and found to be a metastatic 
carcinoma. It was suggested that where a patient was 
suffering from headaches without neurological signs and 
blurred discs, there was generally no urgency and 
repeated fundus observation would in many cases avoid 
the necessity for ventriculography or even craniotomy. 

The presence of papilloedema in association with 
tuberculous meningitis was thought to be an indication 
for surgical treatment by third ventriculostomy and 
removal of adhesions around the optic nerves. In two 
of such cases treatment was successful, though in one 
vision was lost from secondary optic atrophy. Sometimes 
a serous papilloedema occurred, possibly associated with 
external hydrocephalus and in such cases conservative 
treatment was justified. 


The occurrence of bilateral optic neuritis was men- 
tioned and the difficulties in differentiating this condition 
from intracranial lesions stressed. Usually routine 
investigations, including skull radiographs and angio- 
graphy, would provide an answer. It was also noted that 
refractive errors might confuse the diagnosis in some 
cases and lead to a misinterpretation of results in others. 
An example was given of visual failure in an acromegalic 
patient due to the onset of presbyopia and not to any 
involvement of the visual pathways. 

Examples were given of pituitary tumours simulating 
retinal lesions and Adie’s syndrome. It was stressed in 
connexion with pituitary tumours that pallor of the discs 
with bitemporal field loss was an indication for opera- 
tion, possibly followed by x-ray therapy, whilst bitem- 
poral field loss with normal discs indicated a retro- 
chiasmal tumour. In such cases the operation risks were 
high and x-ray therapy was to be preferred. 

It was noted in connexion with pituitary tumours that 
narrowing of the proximal part of the anterior cerebral 
artery was often associated with pre-chiasmal extension 
of the tumour. This might have some influence on the 
development of disc pallor and possibly of certain 
perimetric findings, the anterior cerebral artery being 
compressed between the optic nerves and chiasma below 
and the base of the frontal lobe above. It had been noted 
that the anterior cerebral artery recovered its normal 
calibre after removal of the tumour and this might have 
some connexion with field recovery and improvement in 
disc colour after operation. 

The difficulties in distinguishing chronic glaucoma 
and toxic amblyopia from intracranial lesions were noted 
and illustrative case histories given. 

The question of optic atrophy in tuberculous menin- 
gitis was then considered. Three case histories were cited. 
In one case, vision was recovered after operation with 
third ventriculostomy and removal of adhesions around 
the optic nerves, in another a similar operative procedure 
was apparently ineffective but vision began to recover 
four months later. In the third case, apparently similar 
to the others, vision improved markedly with simple 
anti-tuberculosis treatment. It was thought that com- 
pression of pial vessels by adhesions determined the loss 
of visual function and re-establishment of blood supply 
following timely removal of adhesions or the arrest of 
their development by modern therapy might account 
for the visual recovery. No connexion had been traced 
between the nature or amount of therapy and visual 
failure in these cases. 
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SOCIETY OF BRITISH NEUROLOGICAL SURGEONS 


Visual Field Changes Produced by x-Ray Treatment of 
Pituitary Tumours 


M. CHAMLIN (New York) described the method of 
assessment and results of visual field studies in patients 
with pituitary tumours treated by x-ray therapy. From 
a group of 180 such patients, 40 were selected for study 
who could be followed adequately by visual field studies 
during treatment or immediately afterwards and for a 
reasonable number of months or years. The remaining 
140 cases were discarded because they had been treated 
by surgery first and immediately afterwards by x-ray 
therapy, because adequate visual field studies could not 
be obtained, because they were seen on only one or two 
occasions, or because; although there was clinical 
evidence of a pituitary tumour, the visual fields were 
unaffected. 

Most cases in the group of 40 were given a tumour 
dose of 3,000 r divided into three courses of 1,000 r each. 
Each course was spread over four to six weeks with an 
interval of three to four weeks between, the total treat- 
ment covering some six months. During the course of 
treatment, patients were seen frequently and three 
functions assessed: visual acuity (Snellen), central visual 
field to 1/2000, and peripheral field to 2/330. If any of 
these functions deteriorated then treatment was diminished 
in dose or frequency until this function had improved. 
If these functions were maintained or improved then 
treatment was continued as outlined. 

The results of treatment were evaluated in terms of 
240 units of function, i.e., central visual acuity, central 
and peripheral fields in 80 eyes (40 patients). On this 
basis, function was improved in 50-8%, maintained in 
41-2%, and deteriorated in 7-°9°%. It was noted, however, 
that in 44 units of function this was normal and not 
capable of improvement. If these were subtracted from 
the total, then function was improved in 62-2%, main- 
tained in 28%, and deteriorated in 9-6°%%. In four cases 
surgical treatment was considered necessary later, two 
had large chromophobe .umours, and two cystic chromo- 
phobe tumours. 

Improvement was evaluated in terms of episodes of 
improvement in the 240 units of function, 63 such 
episodes were noted. Of these, 44% occurred during the 
first year, 37% in the second year, 14% in the third year, 
and 5% in the fourth year. Of those occurring in the 
first year, only about one-half took place during or 
immediately after treatment; the remainder occurred at 
an average of four and a half months after treatment. 

It was concluded that in assessing the value of x-ray 
treatment in pituitary tumours, provided no deterioration 
had taken place, one should allow at least four to six 
months after the completion of treatment before judging 
whether or not improvement will take place and at least 
two to three years before assessing the total amount of 
improvement. 


The Diagnostic Value of Orbita: Angiography 
H. KRAYENBUHL (Ziirich) discussed the clinical value 
of orbital angiography for the demonstration and 
differential diagnosis of orbital neoplasms and vascular 
abnormalities. The case material consisted of 117 cases 
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of unilateral or bilateral exophthalmos. In a series of 
200 lateral carotid angiograms performed with the 
percutaneous technique of injection of 35% “* diodrast,”’ 
it was shown that only in 24% of the cases the ophthalmic 
artery and its branches were demonstrated. But by the 
use of a 60% contrast medium (Urografin-Schering) the 
ophthalmic artery was shown in 98% of the cases and 
in 74% the choroidal plexus of the eye was demonstrated. 
The latter was best seen two to five seconds after the 
beginning of the injection into the carotid artery in the 
neck which confirms the observations already made by 
Schurr (1951) and Decker (1955). As pointed out by 
Schurr, recognition of the orbital arteries and of the 
choroidal plexus is not easy; it is especially difficult to 
distinguish them from the outlines of the bone which 
overlies them. In his experience the stereoscopic views 
of the angiograms were of great help in the demonstration 
of these vessels. A few normal lateral carotid angiograms 
were shown to demonstrate the course of the ophthalmic 
artery and its branches and the appearance of the 
choroidal plexus. 

As a second method of orbital angiography, he had 
developed, with his co-worker, G. Yasargil, orbital 
phlebography by puncture of the angular vein and 
injection with contrast medium. The percutaneous 
technique was described and the normal phlebogram 
shown. 

Illustrative records were given of nine cases in which 
carotid angiography and angular venography helped in 
the diagnosis of orbital lesions. These included a mela- 
noma, two retinoblastomata, one optic nerve glioma, 
one orbital neurinoma, one carotid-cavernous fistula, 
and one orbital varix. In two further cases the diagnosis 
was not verified by operation. 

From the selection of this relatively small series it was 
noted that the results could not be used for generalization 
of the diagnostic value of orbital angiography, but, as 
Schurr (1951) had already pointed out, this method 
deserved the attention of ophthalmologists, radiologists, 
and neurosurgeons. With further experiences the method 
might be of use in the demonstration and differentiation 
of the nature either of orbital and periorbital neoplasms 
or of vascular abnormalities. However, from this series 
it seemed that the value of orbital angiography lay most 
likely in the demonstration of the pathological vasculari- 
zation of the space-occupying lesion and not of the dis- 
placement of the ophthalmic artery and its branches. 
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Acute Visual Failure as a Neurosurgical Emergency 


A. UIHLEIN (Rochester, U.S.A.) discussed the neuro- 
surgical aspects of acute visual failure. The common 
conditions leading to sudden visual failure were cited 
and included tumours in the pituitary, baso-frontal and 
parasellar region and of the visual pathways, carotid 
artery thrombosis and supraclinoid aneurysms, hydro- 
cephalus, pseudotumour cerebri, chiasmal arachnoiditis, 
and injury. Three illustrative case histories were given. 


Case 1.—A 64-year-old patient had harboured an 
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unsuspected pituitary tumour for some time and symp- 
toms, including visual failure, only began eight days 
before treatment. The left eye was blind and only spotty 
vision present on the right. Skull radiographs and 
angiography confirmed a diagnosis of pituitary tumour 
which was removed at operation. Vision in the right eye 
returned to normal and that in the left was greatly 
improved. 


Case 2.—A 12-year-old boy was referred with a two- 
week history of rapid visual failure in the left eye. The 
left eye became blind within two days of admission and 
vision in the right became blurred. Operative exploration 
of the optic nerves disclosed an haemangioendothelioma 
of the left optic nerve and left half of the chiasma with 
a very rare finding of intramedullary rupture of the left 
optic nerve. The left nerve and left half of the chiasma 
were resected. X-ray therapy was given later. There was 
no further loss of right vision. 


Case 3.—A 10-year-old boy was referred with a 
history of head injury five weeks previously followed by 
headaches and gradual ioss of right vision. Examination 
showed the right eye to be almost blind and a temporal 
hemianopia developed in the left later. Ventriculography 
showed a filling defect in the chiasmatic cistern. Operation 
disclosed an astrocytoma of the right optic nerve and 
right half of the chiasma which was removed. After this 
the left visual field improved and acuity returned to 
normal. 

It was stressed that acute visual failure was more often 
than not due to an ophthalmological disorder. However, 
a neurological lesion of, or in the vicinity of, the optic 
pathways may be found and it was necessary to recognize 
the true cause as early as possible in order to prevent 
irreparable visual loss. 

A thorough clinical investigation, including careful 
plotting of the visual fields and skull radiographs, was 
essential. Occasionally an apparently hopeless situation 
could be rectified, a possibility which justified the search 
for an operable lesion. 


Microdissection of the Capillary Relationships in the 
Human Optic Nerve, Chiasma, and Tract 

C. A. ERSKINE (Dublin) described the microdissection 
of fixed tissues combined with a new phase-contrast 
colour-contrast condenser. This was the first time the 
method had been used and was employed in this instance 
to investigate the capillary-glia relationship in the normal 
human optic nerve, chiasma, and optic tract. The 
operations were photographed in colour. 

The quest‘ons invesitgated concerned the presence of a 
glial membrane in the optic nerve, chiasma, and tract, 
and if present its character and structure. In addition, 
an attempt was made to determine the relationship of the 
glial cells and their processes to the capillary wall and 
to the arteriole and venous adventitia; whether or not the 
glia differed in its degree of attachment to these different 
vessels in the tissue investigated, whether it was possible 
to demonstrate a potential space between the vessel wall 
and glial structures (the so-called space of His), and 
whether or not a Virchow-Robin space passed as far as 
the capillaries in the nerve, chiasma, or tract. 
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It was concluded that glial elements in the form of a 
mesh separated the nerve fibres from the capillary at 
every point examined but that the presence of a glial 
membrane was uncertain. The presence of connective 
tissue around the endothelium seemed to determine the 
degree of fixation of the glial mesh, for the glia was 
attached to the adventitia whereas in the absence of 
connective tissue the glia was not fixed to the capillary 
endothelium. Thus a space of His could be demonstrated 
at this level. A Virchow-Robin space could be demon- 
strated directly in the septal region of the optic nerve in 
relation to the capillaries whereas this space could not 
be demonstrated at the capillary level in the chiasma and 
tract where perivascular pial connective tissue was usually 
absent. The presence of the Virchow-Robin space 
depended, therefore, on the amount of relative connec- 
tive tissue and not on the size of the vessel. 


The Vascularization of the Primary Optic Pathways 

J. FRANcoISs, A. NEETENS, and J. M. CoLLette (Ghent) 
reported the results of their investigations into the 
vascularization of the primary optic pathways by histo- 
logical and microangiographic techniques. They had 
shown that the longitudinal capillary network of the 
optic nerve was normally continued towards the retina 
to form there a peripapillary network which anastomosed 
with the capillary network proper of the retina. This 
peripapillary network might originate from the pial 
plexus, the Zinn-Haller circle or from the ciliary system 
and formed a cilioretinal vascularization. Affection of 
this network probably explained the atrophic rings 
which were often seen around the disc in certain de- 
generative or atrophic diseases of the optic nerve. 

The capillary and arterial vascularization was denser 
in and around the disc than in the retina or optic nerve 
itself and this probably explained the frequency and 
intensity of papillary oedema. The richness of vessels 
in the optic disc as well as the independence of the central 
retinal artery during its course in the optic nerve was 
of great significance in the pathogenesis of functional 
disturbances in glaucoma. 

Arteriosclerosis might produce lesions not only in the 
optic nerve but in other parts of the visual pathways. 
Disturbance of function could be produced by com- 
pression of fibres from hardened vessels, obliteration of a 
nutritive vessel, or by obstruction of capillary networks. 
Interruption of nutritive arterioles would have less effect 
in situations where they were numerous, as in the 
chiasma, or where there were numerous anastomoses 
as in the peripheral network of the optic nerve. If, how- 
ever, the interruption affected a vessel which was isolated 
or partially an end artery then acute disturbance of 
function might result. It was considered that besides 
papillitis or optic neuritis of inflammatory or infective 
origin there might exist also an optic neuritis of “‘vascular” 
origin. This might be due to spasm or partial or total 
thrombosis of the central artery of the optic nerve which 
might produce a condition comparable to embolism of 
the central retinal artery. This type of condition was 
sometimes seen during temporal arteritis and was 
characterized by oedema or atrophy of the optic disc, 
lowering of central vision and central field defects, The 























STrtas eale eaten Aaa ds 









on 







err 











Et AE. aE ge AA Hla om C5 


ES ——— oS 





fa 
/ at 
lial 
tive 
the 
was 


lary 
ited 
ion- 
e in 
not 
and 
ally 
ace 
1eC- 


>nt) 
the 
sto- 
had 
the 
ina 
sed 
‘his 
ial 
em 
_ of 
ngs 
de- 


ser 
rve 
ind 
sels 
tral 
vas 
nal 


the 
LYS. 
ym- 
fa 


ect 
the 
SES 


ted 
of 
des 
ive 
ur” 
tal 
ich 
of 
vas 
vas 
SC, 
“he 





Nee RRO ERENT EY CDP 


eR NEL DHE 


SOCIETY OF BRITISH NEUROLOGICAL SURGEONS 


peripheral field might be preserved since the peripheral 
nutritive vessels of the optic nerve might be unaffected. 

In the intracranial portion of the optic nerve the pre- 
capillary and capillary vascularization was not only 
more irregular but was less dense temporally than nasally 
so that the temporal portion was more vulnerable than 
the nasal. Certain nasal defects of visual field could be 
more clearly explained by inhibition or arrest of the 
precapillary or capillary circulation than by the effects 
of pressure from sclerotic carotid arteries. The latter, 
if they were not very rigid, were more easily deformed 
than the optic nerve itself. 

It was not thought possible that chiasmal function 
could be impaired by occlusion of one or even more 
arteries for it was profusely supplied by 11 arteries and a 
whole network of anastomotic arterioles, including the 
prechiasmatic arteriolar arcade. The disturbances of 
function should be attributed to an internal capillary 
affection due either to degeneration or, more frequently, 
to external compression. 

Absence of hemianopia after ligation of the anterior 
choroidal artery for involuntary movements had caused 
some surprise. This could, however, be explained by a 
double vascular supply to the optic tract from the 
anterior choroidal artery and posterior communicating 
artery by means of hair-pin recurving precapillaries. The 
fact that hemianopia did sometimes follow such a 
ligation was probably explained by anomalies in the 
circle of Willis. They had observed complete or partial 
absence of the posterior communicating artery. 

The capillary network in the lateral geniculate body 
was very dense, as in the retina and disc and must, 
therefore, frequently show oedema. The clinical dis- 
turbances resulting were, however, largely unknown at 
the present time. 


The Blood Supply of the Optic Nerve and Chiasma and its 
Clinical Significance 

Bropi—E HuGuHes (Birmingham) discussed the clinical 
significance of present knowledge of the blood supply 
of the optic nerves and chiasma. It was noted that in the 
optic nerve there was a clear segregation of blood supply 
between the central and peripheral areas of the nerve and 
that final supply was based on fibre bundles. These 
facts were reflected in clinical material in several ways. 
Arteriosclerotic vascular disease of the optic nerve tended 
to produce two types of field loss, irregular peripheral 
indentation of the field, corresponding to involvement 
of the peripheral blood supply, and central fibre bundle 
defects due to involvement of the central supply. A 
common feature of vascular lesions in the optic nerve 
and of indirect injury was clear-cut horizontal hemiano- 
pias, usually in the lower field, sometimes in the upper. 
Examples of such field loss in arteriosclerosis, in hyper- 
tension, after gastric haemorrhage, in angiomastosis of 
the nerve, and after trauma were demonstrated. It was 
noted that anatomical studies had not supplied any 
explanation of this phenomenon. 

The significance of central scotomata in optic nerve 
compression was then discussed. It was stressed that 
involvement of the field periphery was a late phenomenon 
although the periphery of the nerve was the area most 
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subject to pressure; examples of early central and peri- 
pheral field loss were shown. It was concluded that 
involvement of the vascular supply of the nerve could not 
serve as an explanation of these facts and that stretching 
or kinking of the nerve fibres themselves must be the 
cause of such field disturbances. 

The blood supply of the chiasma was briefly described 
and the central chiasmal artery to the antero-inferior 
region and the lateral chiasmal artery to the infero- 
lateral area specially mentioned. Isolated involvement 
of the central chiasmal artery might produce upper 
bitemporal depression in the fields, and examples of such 
field loss in arteriosclerotic cases were shown. It was 
considered that damage to this artery might also explain 
some case of indirect chiasmal injury. 

The significance of late preservation of the upper nasal 
fields in chiasmal compression was discussed and the 
various reported explanations mentioned. It was con- 
cluded that the preservation of the lateral chiasmal 
artery, immune to.compression from a centrally placed 
tumour, was probably responsible for this feature of 
chiasmal compression. The réle played by the anterior 
cerebral artery grooving the upper surface of the chiasma 
or optic nerves in association with tumour compression 
was discussed and illustrative operation sketches and 
field studies shown. It was concluded that while such a 
feature might account for nasal field loss in the early 
stages of compression, it did not provide a satisfactory 
explanation of the orderly sequence of field loss usually 
seen in chiasmal compression from tumour. 

The phenomena of nerve fibre bundle defects and of 
preserved islands of temporal field in chiasmal com- 
pression were briefly referred to. 


Optic-disc Oedema in the Absence of Raised Intracranial 
Pressure 

M. J. Roper-HALL (Birmingham) described five cases 
referred to hospital as suffering from bilateral papilloe- 
dema. Investigations were essentially negative, at least 
as an explanation of the disc-head oedema. In none of 
them was there any loss of visual function, such as might 
be associated with optic neuritis, and the intracranial 
pressure was proved to be within normal limits by lumbar 
puncture after preliminary investigations had determined 
that such was a safe procedure. 

One was a case of arterial hypertension, two had 
incomplete central retinal vein obstruction, one case was 
an example of papilloedema associated with benign 
intracranial hypertension in a regressing phase, and the 
last case showed relative hypertension of cerebral circu- 
lation associated with a posterior communicating artery 
aneurysm. They formed part of a group of 600 cases 
admitted to hospital for intracranial conditions, 11 of 
which were classified as benign intracranial hyper- 
tension. 

A plea was made for the strict definition of the term 
papilloedema. The literature revealed that oedema of the 
discs in blood dyscrasias and hypoparathyroidism was 
probably true papilloedema since whenever recorded the 
cerebrospinal fluid pressure was raised. Normal or low 
cerebrospinal pressures were recorded with disc oedema 
in malignant hypertension in the Guillain-Barré syn- 
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drome and in traumatic hypotension. Simulated bilateral 
papilloedema with drusen of the optic nerve was 
mentioned. 

There was experimental and clinical evidence that with 
a rise of intracranial pressure there was a compensatory 
rise of pressure in the arteries and veins at the disc-head. 
This could be fully compensating and prevent the onset 
of papilloedema. As papilloedema appeared the arterial 
diastolic pressure was found to fall. 

It appeared that optic disc oedema could occur without 
a raised cerebrospinal fluid pressure. Compression of 
the central retinal vein in the subarachnoid space could 
be ruled out as a factor in the production of oedema 
in these cases. 

After considering some other experimental facts it was 
suggested that in these cases gradual reduction of nutri- 
tion and anoxia of the nerve might be sufficient to lead 
to oedema without loss of function. 

The suggestion was put forward that, by a simple 
alteration of the arterial and venous pressure ratios at 
the optic disc, papilloedema could be accurately simu- 
lated thereby lending support to the theories which 
suggested similar conditions in the aetiology of true 
papilloedema. 


Ocular Aspects of Endocrine Exophthalmos 

G. I. Scott (Edinburgh) discussed the ocular aspects 
of endocrine exophthalmos from the point of view of the 
clinician. The ocular signs of acute thyrotoxicosis were 
contrasted with those of malignant or oedematous 
exophthalmos and special reference was made to two 
uncommon, but important, aspects of the latter con- 
dition. 

In the first place, there was the type of case in which 
the exophthalmos might remain unilateral over a long 
period and in which the diagnostic difficulty lay in decid- 
ing whether one was dealing with an orbital tumour or a 
case of endocrine exophthalmos. In the second place, 
there was the occurrence of visual field defects in cases 
of malignant exophthalmos, likewise raising a suspicion 
of orbital tumour. 

The case notes of two patients were presented, in the 
first of whom the ocular signs remained unilateral for 
over a year, and in the second of whom only one eye 
was affected, the other eye remaining unaffected over a 
period of five years. 

Two cases of involvement of the fields of vision in 
malignant exophthalmos were described. In the first, 
there was a bilateral central scotoma which extended with 
increasing involvement of macular vision to such an 
extent that decompression of the orbits was considered 
advisable, after which there was a dramatic restoration 
of vision in both eyes. The second case also showed a 
dense central scotoma in each field, the effect upon visual 
acuity being less severe than in the first case and spon- 
taneous recovery taking place at the end of a year from 
the start of symptoms. 

The two cases in which the ocular signs were unilateral 
were treated by irradiation of the retroocular tissues, 
the patients receiving 3,000 rads in three weeks and the 
field being restricted so as to exclude, as far as possible, 
the pituitary fossa. 
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It was suggested that irradiation of the orbit was a 
valuable method of treatment in cases with severe and 
persistent proptosis. It was emphasized, however, that 
malignant or oedematous exophthalmos appeared to be 
a self-limiting disease and that active measures such as 
irradiation of the orbit or decompression were only 
indicated if the exophthalmos became manifestly 
“‘malignant”’ from the point of view of visual function. 


Invasion of the Optic Chiasma and Optic Nerves by 
Neighbouring Gliomas 

Sir GEOFFREY JEFFERSON, E. POLLAK, and PETER O. 
Yates (Manchester) discussed some pathological prob- 
lems of gliomas invading the optic nerves and chiasma, 
Two aspects of the problem were considered, first the 
method by which these tumours reached the optic nerves 
and chiasma, and secondly, the nature of the tumours. 

The type of tumour encountered was determined to a 
large extent by the ease of access of any particular variety 
to the chiasma. The oligodendrogliomas, for instance, 
which commonly grew in the cerebral hemispheres, were 
not likely to be in a position to invade the chiasma. On 
the other hand, gliomas of the optic nerve might easily 
invade the chiasma or even the opposite optic nerve. 
Tumours in the frontal lobes would necessarily have to 
pass through the lamina terminalis or basal ganglia 
whilst temporal lobe gliomas might grow directly into 
the optic tract and thence to the chiasma. Tumours from 
the thalamic regions and those arising from the hypo- 
thalamus and infundibulum would have to grow down- 
wards through the floor of the third ventricle. 

Quite a different mode of invasion was the indirect 
route via the meninges. In such instances the tumour 
might arise anywhere within the brain and in some 
cases it had been impossible to determine the primary 
site of growth. They had sometimes encountered a 
condition of diffuse invasion of the arachnoid by glial 
tumour bearing a superficia! resemblance to purulent 
meningitis. In such meningeal gliomatosis there was a 
tendency for tumour growth to concentrate in the basal 
cisterns and around the chiasma. The tumours which 
spread in the subarachnoid space were usually histo- 
logically malignant with the exception of the optic nerve 
glioma and tumours of a similar type growing elsewhere. 
These appeared to grow normally in the subarachnoid 
spaces and were usually closely mixed with a consider- 
able amount of collagenous fibrous tissue. 

The tumours most likely to invade the chiasma 
directly from above were those arising in closely related 
structures, particularly the hypothalamus and floor and 
walls of the third ventricle. Occasionally, these were well- 
differentiated astrocytomas similar to those commonly 
found in the cerebral hemispheres of adults. More 
commonly they were slowly growing tumours and often 
started in childhood. Histologically they were similar to 
the infundibulomas described by Globus (1942). He had 
been impressed by the way in which dense glia surrounded 
blood vessels and resembled the portal vascular system 
of the infundibular region. Such perivascular sheaths 
of glia were not, however, confined to tumours of the 
infundibular region but were encountered also in the 
optic nerve gliomas and in the cerebellar astrocytomas 
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of childhood. They had also been referred to as piloid 
astrocytomas by Elvidge, Penfield, and Cone (1935) and 
Russell (1950) but had many features which were not 
found in the ordinary astrocytomas of the cerebral 
hemispheres. They were the only gliomas more common 
in females and the cells found in them had a very strong 
tendency to form bipolar fibrous extensions, often 
grouped together in hair-like tresses. Rosenthal’s fibres, 
which were an elongated, rounded and strongly acido- 
philic form of glial fibre, were common in this group and 
had also been encountered in the subependymal region 
in relation to a group of Rathke pouch tumours studied 
with Greevic. Since the cytological origin of this group 
of tumours was in doubt the simple descriptive name of 
piloid glioma was to be preferred. 
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Visual Field Changes following Anterior Temporal 


Lobectomy 


M. A. FALCONER and J. L. WiLson (London) reviewed 
the visual field changes following anterior temporal 
lobectomy in 50 patients suffering from intractable 
temporal lobe epilepsy. The extent of the operations 
ranged from 4-5 to 9 cm. as measured from the temporal 
pole along the infero-lateral border of the lobe. In all 
cases the tip of the temporal horn of the ventricle was 
opened into at operation. 

Subsequently in each case there was a visual field 
defect which in many instances was too slight to be 
detected by confrontation testing, but which could be 
elicited by detailed quantitative perimetry. The visual 
field defect was always congruous, affecting the contra- 
lateral homonymous fields. The extent of the visual field 
loss, however, varied considerably from case to case 
and had no hard and fast relationship to the extent of 
temporal lobe removal as measured along the inferior 
border of the lobe. 

In the slightest degrees of hemianopia the loss was 
apparent only in the upper part of the contralateral 
homonymous fields immediately adjacent to the vertical 
meridian. Then with increasing severity of hemianopia 
the loss spread in a sector-shaped fashion towards the 
horizontal meridian. In even more severe hemianopia 
the loss extended downwards below the horizontal 
meridian, again in sector-shaped fashion towards the 
lower part of the vertical meridian. Macular vision 
tended to be spared except sometimes when the hemiano- 
pia was greater than a quadrant. 

There were no significant differences in the range of 
extent of homonymous hemianopia after excisions of 
6cm. or less and after excisions of between 6:5 and 
75cm. The chances of there being an upper quadrantic 
hemianopia or less was in the order of 6 to 1. Such a 
degree of hemianopia usually did not inconvenience 
patients. With excisions of 8 cm. or more, however, the 
chances of a hemianopia greater than a quadrant in- 
creased and such a degree of hemianopia constituted an 
appreciable disability. 
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These findings ran counter to the prevailing view 
expressed in the literature (largely on observations made 
on tumour material) that lesions of the anterior temporal 
region produced incongruous homonymous field defects. 
Instead they lent support to the views of Meyer (1907) 
that the lowermost fibres of the optic (geniculo-calcarine) 
radiation loop round the tip of the temporal horn and 
then pass backwards inferior to the ventricle to reach the 
calcarine cortex. They also reinforced the more detailed 
views of Spalding (1952) on the anatomy of the optic 
radiations based on the effects of gunshot wounds. 
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Pseudo-tumours of the Orbit 


HarveY JACKSON (London) discussed the clinical, 
pathological, and surgical features in a series of orbital 
pseudo-tumours. The general use of the term “ pseudo- 
tumour ” was discussed and it was stressed that in the 
orbit the term was used for a precise form of pathology, 
a granulomatous mass, probably of infective origin. 
Examples due to tuberculosis and syphilis might occur. 
A brief account was given of the history of the condition. 
The findings in a personal series of 36 cases were then 
given. These had formed 12:3% of a series of 293 cases 
of proptosis and it was the commonest single condition 
encountered in the series. The average age was 47-6 
years, the youngest being 24 years. The condition was 
twice as common in the female and all of four bilateral 
cases were of this sex. 

The pathological features were described as being those 
of a chronic granuloma with lymphocytes in follicular 
formation, plasma cells, and occasional eosinophil cells. 
Fibrous tissue was present in varying amounts. The 
ocular muscles were affected, the inferior rectus and 
inferior oblique most commonly, striations disappeared 
and the fibres stained poorly. The mass was often within 
the muscle cone but occasionally attached to the orbital 
periosteum, most commonly on the medial wall or floor. 
This finding suggested that air sinus infection might play 
a part in aetiology. No specific organisms were recovered 
in any case. 

Proptosis was always present and might be of long 
duration; occasionally the history was a short one and 
differentiation from malignant disease necessary. Pain 
was also a common feature and necessitated differentia- 
tion from malignant tumours. Variability in signs was 
also very common but was not confined to this condition 
and had been observed in haemangiomas of the orbit. 
Exacerbation of signs often coincided with some general 
illness in the patient or with menstruation. External 
ocular movements were usually affected due to muscle 
infiltration by the granuloma; evidence of nerve paresis 
was not encountered. The ocular fundi were usually 
normal though gross papilloedema, retinal oedema, and 
optic atrophy had been seen. Diplopia was noted in half 
the cases but disturbances of visual acuity and visual 
fields were exceptional. Occasionally an orbital mass was 
palpable, usually on the medial side, but there were no 
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features by which to distinguish such a mass from other 
orbital lesions. 

Extensive clinical investigations were usually carried 
out but these produced no positive features and merely 
served to exclude other conditions. Radiological studies 
were not often helpful and merely showed blurring of 
detail in soft tissues. In two cases widening of the 
sphenoidal fissure was encountered due to extension of 
the granuloma through the fissure. 

The diagnosis could often be made on clinical grounds 
alone; where there was doubt then biopsy of the mass 
was advisable. Medicinal treatment was the first choice 
and iodides, mercury, and arsenic were given in the form 
of Donovan’s solution (mist. hydrarg. et arsen. iod.). 
In many cases this resulted in a resolution of the con- 
dition, impairment of upward ocular movement being 
the only common residual sign. When this treatment 
failed cortisone could be given a trial. Deep x-ray therapy 
had been advocated but no case in this series had been 
so treated. Occasionally tarsorraphy might be required 
to protect the cornea. Where medicinal therapy was 
ineffectual, resort to surgery might be necessary. The 
procedures adopted included orbital decompression and 
the local removal of masses. 

Various points in the paper were illustrated by four 
detailed case histories. 


Epidermoids of the Orbit 

P. C. Carey (London) reviewed the clinical picture, 
diagnosis, and treatment of epidermoid and dermoid 
tumours of the orbit. This was based on a series of five 
epidermoid and two dermoid tumours encountered in a 
series of 293 cases of exophthalmos seen on the neuro- 
surgical service of Mr. Harvey Jackson. 

The tumours consisted of two parts, a capsule and its 
contents. The capsule was usually opaque, white and 
glistening or, in the case of dermoids, might vary from 
yellow to brown. The contents of the epidermoids con- 
sisted of concentric laminae of keratin and epithelial 
debris which had a soapy or waxen appearance. Dermoid 
tumours might contain in addition, sebaceous material, 
hair, and oily fluid. 

Most investigators agreed that both epidermoid and 
dermoid tumours developed from misplaced epithelial 
rests. Others had suggested that the type of tumour 
arising was determined by the degree and embryonic 
antiquity of the rest. If only squamous epithelium were 
included then the tumour was an epidermoid; if, however, 
the rest contained epithelium and dermis then it might 
give rise to a dermoid tumour with fat cells, sebaceous 
glands, sweat glands, and hair follicles. Though the 
presence of hair had been regarded as pathognomic of 
dermoid tumours, cases had been recorded in which, 
although hair was present, the tumours were otherwise 
typical of epidermoids; these had been considered as 
transitional forms between the dermoid and epidermoid. 
It had been held that in the case of dermoid tumours, 
symptoms occurred earlier in life and were more likely 
to be associated with other congenital defects. 

It was suggested that a common term to include the 
two tumours, such as pearly tumour or choleasteatoma, 
was inadvisable and that it was better to name the 
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growth by its essential features, epidermoid or dermvid 
as the case might be. It was appreciated that owing to 
the technical difficulties in surgical excision these tumours 
might often have to be removed in a fragmentary manner 
so that only parts of the capsule might be submitted to 
histological examination. 


Hormone Replacement Therapy in Craniopharyngiomata 

A. S. Kerr (Liverpool) reviewed the results of treat- 
ment in 27 cases of craniopharyngiomata seen during the 
past 10 years. Nineteen patients were known to be dead, 
two could not be traced, and only six were known to be 
still alive. The longest known survival was four and a 
half years. 

All standard forms of treatment seemed to be equally 
ineffective from a curative point of view. Several patients 
had more than one type of procedure. Of nine in whom 
a cyst was tapped, all were dead with a longest survival 
of three and a half years; of six who had Torkildsen’s 
operation only two were alive and one of these was not 
well 12 months later; of eight with partial removal, 
five were dead and one was unknown, whilst the two 
survivors each had further treatment, one with radio- 
therapy and one by complete removal. Of eight treated 
by radical removal, four were dead and the longest 
survival to date was four and a half years. 

The factors which appeared to militate against suc- 
cessful surgery were (1) damage to the hypothalamus, 
and (2) damage to the maldeveloped anterior lobe of the 
pituitary gland. The former often manifested itself in 
hyperthermia in the immediate post-operative period 
and the introduction of hibernation (or hypothermic) 
techniques offered a measure of control of the patient's 
body temperature in the post-operative period. 

Apart from clinical evidence, an assessment of 
diminished anterior pituitary function could be gained 
from laboratory tests, of which Thorn’s original test 
seemed to have the greatest practical value. If adrenal 
cortical function is low, as judged by a poor response 
in the blood eosinophil count to an injection of A.C.T.H.., 
it may be stimulated by repeated injections of A.C.T.H. 
for a week or two and the patient thereby strengthened 
to withstand the stress of the post-operative period. 
Alternatively, if the adrenal cortex cannot so be stimu- 
lated, the operation could be rendered safer by giving 
100 mg. of cortisone pre-operatively. Most patients 
would probably require cortisone therapy in the post- 
operative period and this could be gradually reduced in 
amount during the first 10 to 14 days. 

Some patients might need a maintenance dose of about 
12-5 mg. of cortisone daily for an indefinite period. It 
was to be regretted that, as yet, there was no satisfactory 
preparation of growth hormones freely available. 

Of the eight cases of total removal quoted above, five 
were operated upon under hypothermia and four of 
these had pre-operative hormonal assessment. Two died 
in a few days despite these precautions but there was a 
reasonable hope that the three survivors might be 
regarded as cured. 

The removal of some extensive craniopharyngiomata 
would appear to be an impossible technical feat but 
palliative treatment was so ineffective that our aim should 
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be a radical removal whenever possible. This was only 
justifiable, however, if the operation could be rendered 
safer than it was at present and the introduction of 
hypothermia and of hormonal control seemed to be 
steps in the right direction. 


Some Problems presented by Haematogenous Brain 


Abscess 

E. J. Newton (Birmingham) discussed the early 
development and experimental production of haemato- 
genous brain abscesses. 

Lesions in a case of bacterial endocarditis indicated 
that miliary cerebral abscesses resulted from rupture of 
capillaries which had been embolized by bacteria. 
Infarction did not appear to be a necessary event in the 
pathogenesis of these abscesses. There was evidence that 
brain abscesses arising from pulmonary suppuration 
might similarly develop from bacterial emboli arrested 
in cerebral capillaries. 

Experiments undertaken in collaboration with Dr. 
Nancy Laughton were described. Attempts had been 
made to produce brain abscesses in rabbits by carotid 
injection of one or the other of two strains of non- 
haemolytic streptococci, each isolated from a haemato- 
genous brain abscess in a different human being. 

An 11-day-old brain abscess occupying the thickness 
of the white matter in the parietal region had been 
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produced. This showed early encapsulation and was 
very close to the lateral ventricle at one point. Many 
streptococci were demonstrable in the abscess by Gram’s 
stain. Numerous small gliotic foci were also present in 
this brain bilaterally. They were commonest in the cortex 
but were also seen in the thalamus. It was assumed that 
all these lesions were embolic because the organism 
underwent spontaneous aggregation in broth culture 
and had been injected in this form. 

The second streptococcus strain showed a similar 
tendency to spontaneous aggregation but the aggregates 
formed were smaller. Simple carotid injection of this 
organism into rabbits did not produce cerebral lesions. 
Embolic lesions were finally produced in one animal 
which had received an intravenous injection of serum 
containing specific agglutinins for the streptococcus 
immediately before the carotid injection. Eleven days 
later many gliotic foci were present in the cerebral cortex 
and one larger focus of active infection was found in the 
parietal white matter. This contained streptococci and 
polymorphonuclear leucocytes but otherwise had features 
of a granuloma rather than an abscess. Specific agglu- 
tinins to this streptococcus were present in the serum of 
the patient from whom it had been isolated and were 
effective in a serum dilution of 1 in 640. 

It was suggested that agglutinins might sometimes be 
an aetological factor in the pathogenesis of haemato- 
genous brain abscess in man. 











The Physiology of Nerve Cells. By John Carew Eccles. 
(Pp. ix + 270, 30s.; $5.75) London: Oxford Univer- 
sity Press; Baltimore: The Johns Hopkins Press. 1957. 


One of Sherrington’s notions was that every neurone 
in the central nervous system functions as a convergence 
point and “common path” for impulses from many 
sources. Its output is graded, over a wide range, by 
the shifting balance of excitation and inhibition generated 
by those impulses. The early experiments used muscular 
contraction to measure the output of the “ final common 
path ”’, that is, of the ventral horn cells. Professor Eccles 
was a collaborator of Sherrington’s in the latter phases 
of that work, and is now an acknowledged leader in the 
direct microphysiological investigation of neurone and 
synapse which is its modern outcome. In his book The 
Neurophysiological Basis of Mind he reviewed progress 
up to 1953. For his new book, whose title is not, like 
its predecessor’s, misleading, there has been much to add. 
So rapid is the advance that in the interval between the 
delivery of the Herter Lectures at Johns Hopkins in 1955, 
and the writing of this book which is based upon them, 
fresh discoveries have had to be assimilated. 

Eccles’ own research has centred on the ventral horn 
cells and on the synapses formed upon them by the 
simplest reflex pathways of the spinal cord. Simplified 
assumptions treat the cell as a globule invested by a 
plasma membrane and immersed in an infinite volume 
of tissue fluid. Experimental alteration of the ionic 
composition of the cell interior has been used to analyse 
the effects produced by excitatory and inhibitory synapses 
on the membrane potential. Experimental results from 
other central neurones and from neurones of invertebrates 
are collected together to fill out the picture. 

Dale’s principle, that all the synaptic endings of a single 
neurone should liberate the same chemical transmitter, 
has been shown to be true in the case of the ventral horn 
cells, whose peripheral terminals and intraspinal axon 
collaterals are all cholinergic. The discovery that there is 
an interneurone in the simplest inhibitory pathway in 
the spinal cord is taken to mean that the dorsal root 
fibres liberate excitatory transmitters only; inhibitory 
action necessitates the interposition of one or more inter- 
neurones to produce inhibitory transmitter substances. 
Acetylcholine is the excitatory transmitter of the re- 
current collaterals of the ventral horn cells, but in spite 
of rigorous testing, the other central transmitters are still 
unidentified. 

The book, although clearly written, is strenuous read- 
ing, and is for the specialist in biophysics and neuro- 
physiology. Those who have long admired the author’s 
achievements will envy once again the intellectual energy 
that has brought forth such a wealth of detailed hy- 
potheses. They will not fall into the error of supposing 
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that these are intended as final explanations, and will 
recognize their power to stimulate new research. 


C. G. PHILLIPs 


Brain Mechanism and Drug Action. A Symposium: 
Fourth Annual Scientific Meeting of the Houston 
Neurological Society, Texas Medical Center, Houston, 
Texas. Compiled and edited by William S. Field. 
(Pp. ix + 147; illustrated. 32s. 6d.) Springfield, Illinois: 
Charles C. Thomas. Oxford: Blackwell Scientific 
Publications. 1957. 


This small book will be of interest to workers in many 
branches of the neurological sciences for although its 
subject has not been tackled at the fundamental cellular 
level it has a wide field of application. The first two 
chapters are devoted to the reticular formation on which 
drug activity is presumed if they evoke an arousal 
response in the E.E.G. of curarized unanaesthetized 
animals and not in “ cerveau isolé *’ preparations. Ina 
chapter that is a model of clarity of illustration, Marrazzi 
describes the effects of certain drugs on synaptic trans- 
mission in autonomic ganglia, as a result of which he 
postulates a cholinergic excitation and adrenergic 
inhibition for synapses at all levels within the central 
nervous system. This is shown to be true for a disynaptic 
association pathway connecting the optic cortices of the 
cat across the corpus callosum. The action of some 
tranquillizing drugs on the central afferent pathway in the 
curarized animal is reported by Eva and Keith Killam 
who also studied the effect on rhinencephalic seizures 
induced by electrical stimulation of the fornix. In a 
short chapter, Roger Guillemin presents experiments on 
A.C.T.H. release in response to stress and the effect of 
chlorpromazine, reserpine, and serotonin on this reaction. 
Finally, Joseph Brady describes methods for evaluating 
the effects of drugs on behaviour. This he prefaces by a 
short historical review, among the words of which are 
scattered 157 references. The book is completed by 
David McK. Rioch whose summary of the proceedings 
is both clear and sensible. 

This is a well illustrated and nicely produced book in 
the Thomas tradition. 


Fundamentals of Clinical Neurophysiology. By Paul O. 
Chatfield. (Pp. xiv + 392; 151 figures. 63s.) Springfield, 
Illinois: Charles C. Thomas. 1957. 


This is a valuable book for students of neurology who 
require an up-to-date summary of the physiology of the 
nervous system and the special senses. The contribution 
of clinical studies in man to physiological knowledge does 
not, however, receive the attention it deserves. 
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Mental Deficiency. By J. E. Wallace Wallin. (Pp. xv, 
+ 200; $5.00.) Brandon, Vermont, U.S.A.: Journal 
of Clinical Psychology. 1956. 


This book is not a comprehensive survey of mental 
deficiency, but, as the subtitle indicates, discusses mental 
deficiency “* in relation to problems of genesis, social and 
occupational consequences, utilization, control, and 
prevention”. It is a supplement to the author’s Children 
with Mental and Physical Handicaps and Education of 
Mentally Handicapped Children. 

In this volume various topics not discussed in his 
other books are treated in detail and there are chapters 
on “The Fecundity of the Mentally Deficient’, “* The 
Relation of Mental Deficiency to Defective Progeny”’, 
“The Relation of Gene Injury to Mental Deficiency ”’, 
“ The Relation of Mental Deficiency to Criminality and 
Sex Delinquencies ”’, “* The Socio-occupational Efficiency 
of Mental Deficients and Alcoholism’, and “ The 
Ultimate Aims of Constructive Work in the Field of 
Mental Deficiency and Retardation ”’. 

The author has been giving courses to undergraduates 
and graduates since 1912 and his vast experience and wide 
reading are evident in every page of this valuable book. 
He has much sympathy with mental defectives and 
approaches their problems in a humanitarian manner. 
He thinks that with suitable training many higher grade 
defectives can find a useful place in society and that 
protection can reduce the problem of the criminality of 
the mental defective. These questions are at all times 
discussed impartially and with scientific objectivity and 
the author never allows his humanitarianism to degenerate 
into sentimentality. 

The author’s belief that the book will serve as a work 
of reference for those interested in the problems discussed 
in it is likely to be realized. The references are compre- 
hensive and, though the material is more applicable to 
American than to British practice, references from the 
British literature receive their fair share of attention. 
To those interested in mental deficiency this is an in- 
valuable book. 


Der Wahnkranke im Lichte alter und neuer Psycho- 
pathologie. By Kurt Kolle. (Pp. 56. DM 4.80.) Stutt- 
gart: Georg Thieme Verlag. 1957. 


In earlier work the author has concerned himself with 
the various forms of delusional psychoses, which he has 
analysed by careful follow-up studies and enquiries into 
genetic factors in the patients’ families. This work still 
represents an important and valid contribution to 
psychiatric nosology. The present small book contains 
aphoristic remarks and critical sidelights on the problem 
of delusional illness, ideas which have been used by the 
author for a recent series of guest lectures in Ziirich. 
Professor Kolle devotes the main part of his discussion 
to the attempts of European authors at solving the ques- 
tion of the origin of delusions by psychological or 
philosophical considerations. He goes some way in 
following the workers who explain paranoid ideas as the 
result of the patient’s life history, his unconscious desires, 
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and by similar interpretations; but he is finally compelled 
to emphasize the part of disturbed cerebral function 
underlying the deviation of thought called delusion. 


Medical Research : A Mid-century Survey. The 
American Foundation. (Pp. 765, Vol. I; pp. 740, 
Vol. II. 105s.) London: J. & A. Churchill; Boston and 
Toronto: Little, Brown & Co. 1956. 


This publication from the American Foundation 
provides a survey of certain aspects of medical research. 
Volume I consists chiefly of an account of the many 
types of organization which are concerned, at least 
partly, with research which might bear on medical 
problems. Volume II contains nine chapters devoted to 
specific medical problems, such as cancer and hyper- 
tension. The only chapters concerned with the nervous 
system are those on alcoholism and on schizophrenia. 
This last chapter shows that research workers on 
schizophrenia are still groping ineffectively in the search 
for clues. 


Atlas of Roentgen Anatomy of the Skull. By Lewis E. 
Etter. (Pp. xv + 215; 237 plates. 106s.) Springfield, 
Illinois: Charles C. Thomas; Oxford: Blackwell Scientific 
Publications. 1955. 


This book gives an outline of the normal radiological 
anatomy of the skull. It is clearly produced, with 
diagrams and photographs of the skull bones juxtaposed 
to the radiographs to illustrate and emphasize the 
radiological appearance. It is an excellent introduction 
to skull radiography for the neophyte; and the more 
experienced radiologist may also find it occasionally 
useful in referring to some point of normal anatomy. 
The definition and clarity of the radiographs reproduced 
are generally excellent, though those in the special section 
on the newborn skull are not so successful. 


The Sequelae of Amputation. By Keith C. Bradley. 
(Pp. 236. A. 10s.) Trustees of the Services Canteens 
Trust Fund: c/o Australia House, London. 


In 1949 the Trustees of the Services Canteens Trust 
Fund decided to support research into the painful 
sequelae of amputation, and the writer of this book 
reports the results of his researches which he carried out 
in many countries. The result is an authoritative and 
well-written monograph which should be read by all 
interested in the subject. 


Journal of Mental Deficiency Research 


The first number of this journal, sponsored by the 
National Society for Mentally Handicapped Children 
Ltd., will appear in the spring of 1957. The journal is 
administered by an Advisory Committee under the 
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Chairmanship of Professor L. S. Penrose, with Dr. 
B. W. Richards as Editor. 

Articles on all aspects of mental deficiency will be 
included, but there will be a medical bias and a high 
proportion of available space will be allotted to papers 
reporting the results of original research. 

The journal will appear twice a year in the first instance 
and will become quarterly should this be justified by the 
quantity and quality of subject matter submitted. The 
journal will cost 7s. 6d. per number, or one dollar fifty 
cents. 

Subscriptions should be forwarded to: The Publishing 
Manager, Mr. A. Highfield, 10 Shendon Way, Sevenoaks, 
Kent, and enquiries and contributions to: Dr. B. W. 
Richards, St. Lawrence’s Hospital, Caterham, Surrey. 


Foundations’ Fund for Research in Psychiatry 


The Foundations’ Fund for Research in Psychiatry 
wishes to announce that October 15, 1957, is the next 
deadline for the submission of applications for research 
fellowships and research teaching grants in psychiatry, 
psychology, sociology, neurophysiology, and other 
sciences relevant to mental health. Interested persons 
and departments are invited to write for details to: 


Foundations’ Fund for Research in Psychiatry, 
251 Edwards Street, 
New Haven 11, Connecticut. 





Correction.—The following corrections should be made 
in the paper entitled “* The Recurrence of Intracranial 
Meningiomas after Surgical Treatment”? by Donald 
Simpson, published in the February issue (20, 22). 


PaGE 25, column 1, line 49: for Fig. 1 read Table II. 


PAGE 31, column 1, line 23: omit the words ‘* Case 6 
in Table V of Linell’s series °’. 


Page 32, the legend to Fig. 12 should read: Pulmonary 
metastasis from the same tumour. 

(a) Haematoxylin—Van Gieson x 70. 
toxylin and eosin x 160. 


(6) Haema- 


PAGE 33, the legend to Fig. 13 should read: A fibro- 
blastic meningioma appearing to be of very rapid 
growth. 

(a) Haematoxylin—Van Gieson x 470. (5) Reticulin 
x 470. 

The legend to Fig. 14 should read: An angioblastic 
meningioma of the Sylvan fissure, clinically benign. 

(a) Haematoxylin—Van Gieson x 210. (4) Reticulin 
x 210. 


PAGE 34, the legend to Fig. 15 should read: An angio- 
blastic meningioma of the cerebral convexity, also 
clinically benign. 

(a) Haematoxylin and eosin x 210. 
<2 


(6) Reticulin 
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BOOKS RECEIVED 


(Review in a later issue is not precluded by notice here of books 
recently received.) 


An Atlas of Muscle Pathology in Neuromuscular 
Diseases. By J. Godwin Greenfield, G. Milton Shy, 
Ellsworth C. Alvord, and Leonard Berg. (Pp. ix+ 104; 
illustrated. 45s.) Edinburgh and London: E. & §., 
Livingstone. 1957. 


Les Tumeurs Frontales. Edited by Jacques Boudour- 


esques and Joel Bonnal. (Pp. 243; illustrated.) Paris: 
Masson. 
Modern Trends in Neurology (Second Series). Edited 


by Denis Williams. (Pp. xi+ 350+ Index; 80 figures. 
72s. 6d.) London: Butterworth. 1957. 


The Early Diagnosis and Treatment of Acoustic Nerve 
Tumors. By J. Lawrence Pool and Arthur A. Pava. 
(Pp. viii+161; 33 figures. 42s.) Oxford: Blackwell; 
Springfield (Illinois): Charles C. Thomas. 1957. 


Spinal Cord Compress. By I. M. Tarlov. (Pp. xiv+ 147; 
41 figures. 57s. 6d.) Oxford: Blackwell; Springfield 
(Illinois): Charles C. Thomas. 1957. 


Schizophrenia: Somatic Aspects. By various authors, 
edited by Derek Richter. (Pp. viii+ 180; illustrated. 
40s.) London and New York: Pergamon Press. 1957. 


Instinct in Man: In the Light of Recent Work in 
Comparative Psychology. By Ronald Fletcher. (Pp. 348. 
40s.) London: Allen & Unwin. 1957. 


Perceptual Processes and Mental Illness (Maudsley 
Monographs No. 2). By H. J. Eysenck, G. W. Granger, 
and J. C. Brengelmann. (Pp. 144. 25s.) London: 
Chapman & Hall. 1957. 


The Physiology of Nerve Cells. By John Carew Eccles. 
(Pp. ix+ 270; 80 figures. 30s.) London: Oxford Univer- 
sity Press. 1957. 


Précis de Biologie Humaine. By Paul Chauchard. 
(Pp. xii+403; 59 figures.) Paris: Presses Universitaires 
de France. 1957. 


An Introduction to Electromyography. By Fritz 
Buchthal. (Pp. 43; 8 figures.) Copenhagen: Gyldendals 
Presseafdeling. 1957. 


Kraepelin und Freud. By Kurt Kolle. (Pp. 88. DM7.60.) 
Stuttgart: Georg Thieme. 1957.) 


An Introduction to Psychopathology. By D. Russell 
Davis. (Pp. vi+388. 30s.) London: Oxford University 
Press. 1957. 


Brains and Consciousness. By Hartwig Kuhlenbeck. 
(Pp. 348; 22 figures. Sw.frs. 34.60.) Basel: S. Karger. 
1957. 


Pain and Pleasure. By Thomas S. Szasz. (Pp. xvi 
+301. $5.50.) New York: Basic Books. 1957. 
Hospital Treatment of Alcoholism. By Robert S. 


Wallerstein and Associates, with an Introduction by 
Karl A. Menninger. (Pp. x+212. $5.00.) New York: 
Basic Books. 1957. 
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ARTERIOVENOUS MALFORMATIONS OF THE BRAIN AND THEIR 
EFFECT UPON THE CEREBRAL VESSELS* 


BY 
JUAN CARRASCO-ZANINI 
From the National Hospital, Queen Square, London, W.C.1 


Although the importance of these vascular anoma- _ problems, a study was made of 102 cases of proved 
lies is widely recognized and the problems concerning angioma from the Lysholm Radiological Depart- 
their diagnosis and treatment have been thoroughly ment of the National Hospital, Queen Square, with 
discussed in the literature of the last 30 years, not special attention to the angiographic evidence and 
enough attention has been paid to their physio- to the radiological changes after partial or complete 
pathology, particularly to the repercussion of these removal in 15 cases with cerebral arteriovenous 
anomalies upon other cerebral arteries and veins, malformations. 
to the alteration of cerebral haemodynamics, and The criterion followed in the study of this radio- 
to their effect upon the systemic circulation. graphic material was mainly determined by con- 

In order to obtain information regarding these sideration of the existence of dilatation of arteries 
and veins, the presence and site of dilated 
veins, and the presence or absence of contrast 
medium in the cerebral arteries as well as the 
changes in their calibre and appearance after 
the operation. The usual data concerning sex 
distribution, age of diagnostic predominance, 
side, size, and site of the malformations were 
considered, as well as the relationship of the 
angioma to the feeding vessels. 


Table | 
Age of Diagnostic Predominance 


Results 
The sex distribution of the 102 cases was 
52 males and 50 females and the malformations 





*The work described in this paper was done while the 
author was holding a British Council fellowship at the 
Institute of Neurology, London. He is now in Mexico. 
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were located on the right side in 50 and on the left 
side in 52 cases. Calcification of variable degree was 
present in 17 cases (16°6%) and almost always over 
the region of the angioma. The age of diagnostic 
predominance is given in Table I, and the present 
series is added besides those of Dandy (1928), 
Bergstrand, Olivecrona, and Tonnis (1936), and of 
Olivecrona and Riives (1948) for comparison in 
Table II. 


TABLE II 
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The malformations were fed by the middle cere- 
bral artery in 61 cases (60%), by the anterior cerebral 
in 12 (11-8%), by both the anterior and middle 
cerebral in 11 cases (10°8%), by the posterior cere- 
bral in five (4-9°%), by both anterior cerebrals in 
two (1-9%), and by the bifurcation of the internal 
carotid, the ophthalmic, the anterior choroidal, the 
middle cerebral and meningeal, and posterior cere- 
bral and meningeal arteries in one case respectively 
(Table III). 


TABLE III 
ARTERIAL DISTRIBUTION OF THE ANGIOMAS 





Middle cerebral 

Middle and anterior cerebral 
Middie and posterior cerebral .. 
Middle cerebral and meningeal .. 
Anterior cerebral 

Both anterior cerebrals 

Posterior cerebral 

Both posterior cerebrals and vertebral 
Posterior cerebral and meningeal 
Bifurcation of internal carotid 
Ophthalmic 

Anterior choroidal 
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Of the 61 cases with angiomas fed by the middle 
cerebral artery, 42 (69%) showed no filling of the 
anterior cerebral and in nine (146%) contrast 
medium was seen but very poorly. One of the 12 
cases of angioma in the anterior cerebral distribution 
showed no filling of the middle cerebral artery 
(9-8 %). 

Of the 102 cases of this series, 95 (93%) had 
dilatation of one or several of the cerebral arteries 
and in the majority of them the feeding artery was 
considered to have an increased calibre in com- 
parison with that of the other side or with other 
normal arteriograms (Table IV and Fig. 1). 

The comparative study of the pre- and post- 
operative arteriograms of the 15 operated cases 


JUAN CARRASCO-ZANINI 


TABLE IV 


ETWEEN FEEDING VESSELS AND 


RELATIONSHIP B 
DILATED ARTERIES 





— 


. Middle cerebral 
61 cases 


Common carotid 
Internal carotid 
External carotid 
Anterior cerebral 
Middle cerebral 
Posterior cerebral 
Posterior communicating.. 1 


20 (33%) 


9 
37 (61% 
1 


Internal carotid 
Anterior cerebral 
Middle cerebral 


. Anterior cerebral 


2 (16% 
12 cases 3 


. Middle cerebral and 
anterior cerebral 
11 cases 


Internal carotid 
Anterior cerebral 
Middle cerebral 


4 (36%) 
9 (82%) 
11(100%) 


Anterior cerebral 
Middle cerebral 
Posterior cerebral 
Internal carotid 
Vertebral 


. Posterior cerebral 
5 cases 


Posterior communicating . . 


Internal carotid 
Middle cerebral 
Posterior cerebral 
Vertebral 


. Middle and posterior 
cerebral 
5 cases 


Posterior communicating . . 
. Both anterior cerebrals Anterior cerebral 
2 cases 


Anterior cerebral 
Posterior cerebral 
Posterior communicating . . 


. Both posterior cerebrals 
1 case 


External carotid 
Meningeal artery 


. Posterior cerebral and 
meningeal artery 
1 case 


. Middle and meningeal 
arteries 
1 case 


Meningeal artery 
Occipital artery 


. Ophthalmic artery 
1 case 


Ophthalmic artery 





revealed an appreciable reduction in calibre of the 
feeding arteries in 13 (86%) (Fig. 2) and reduction 
or disappearance of the dilated veins in 10 (67°) 
after the partial or complete removal of the angioma. 
The arterial calibre was similarly reduced in other 
branches of the main afferent artery which did not 
feed the angioma directly, and, in one case of a very 
small angioma fed by the posterior temporal, the 
dilated common carotid artery was found to be 
reduced in calibre after the surgical extirpation. The 
dilated veins draining the angioma reduced their 
size in most cases and sometimes disappeared alto- 
gether after operation. The anterior cerebral artery 
was not filled pre-operatively in eight of 15 cases 
(53°) and only poorly filled in one; of those eight 
cases, the artery and its remote capillary branches 
were seen perfectly well after the operation in five 
cases; the other three cases in which the anterior 
cerebral artery remained unfilled were those which 
were operated upon only superficially and most of 
the angioma was left untouched. 











Fic. la.—A huge parietal angioma in the Syivian territory with 
dilatation of the carotid artery in the neck and siphon. 
Hosp. No. 2409. 


Fic. 1b.—Antero-posterior film to show filling of the angioma from 
the contralateral carotid artery which is also dilated. 








Fic. 2a.—Angioma fed by the posterior temporal artery. Dilatation 
of the internal carotid, middle cerebral, and posterior temporal 
arteries. Hosp. No. 17308. 


Fic. 2b.—Antero-posterior view of same case. 
Fic. 2c.—Post-operative reduction of calibre of arteries. 


Fic. 2d.—Antero-posterior view of same. 
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Fic: 3a.—Angioma fed by pericallosal artery with distinct dilatation Fic. 3b.—Post-operative reduction in calibre of the anterior cerebral 
of the anterior cerebral artery. Hosp. No. 41582. artery. 


Fic. 4a.—Small angioma fed by dilated posterior temporal artery Fic. 4b.—Reduced calibre of both arteries after operation. 
with some dilatation of the anterior cerebral artery. Hosp. 
No. 29400. 


Fic. 5a.—Small angioma of the posterior parietal artery. Hosp. Fic. 5b.—Post-operative reduction of arterial calibre. 
No. 28631. 
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Fic. 6a.—Medium-sized angioma fed by the dilated posterior tem- 
poral artery. Absence of contrast medium in the anterior 
cerebral artery. Hosp. No. 23035. 
Fic. 6b.—Reduction in calibre of terminal branch of artery after 
surgical occlusion of the main artery. 


Fic. 7a.—Small temporal angioma fed by anterior temporal artery. Fic. 7b.—Post-operative reduction in calibre of both feeding artery 
Hosp. No. 20068. and draining vein. 


Fic. 8a.—Very large angioma fed by dilated parietal arteries. Absence Fic. 8b.—Posterior parietal reduction of anterior and posterior 
of filling of anterior cerebral artery. Hosp. No. 6053. parietal arteries and visualization of the ascending frontal artery 





Fic. 9a.—Angioma fed by middle cerebral artery with dilatation Fic. 9b.—Post-operative reduction in size of middle cerebral branches 
of its arteries and absence of filling of the anterior cerebral and filling of anterior cerebral artery. 
artery. Hosp. Ne. 13946. 


Fic. 10a.—Small angioma showing dilated terminal branch of the Fic. 10b.—Postericr parietal reduction in size of the Sylvian vessels. 
middle cerebral artery and poor filling of the anterior cerebral Good filling of their peripheral arteries and of both anterior 
artery. Hosp. No. 29241. cerebral arteries. 


Fic. 11b.—Posterior parietal reduction in size of the Sylvian trunk. 
Fic. 11a.—A small angioma of the posterior temporal artery. Hosp. There is now very much improved filling of its branches and of 
No. 34004. the anterior cerebral artery. 








Discussion 

From the analysis of these data, it appears that 
the dilatation of the afferent vessel is a constant 
finding, since it was seen in 61% of angiomas fed 
by the middle cerebral, in 66°5% of those fed by 
the anterior cerebral, and in 82% and 100%, 
respectively, of those fed by both the anterior and 
middle cerebral arteries. It was also present in other 
arteries not feeding the angioma directly, especially 
in the internal carotid which was seen to be enlarged 
in 33%, 16°8°%, and 36°5%, respectively, and in the 
vertebral and basilar arteries which were found to be 
enlarged in 40°% of angiomas fed by the posterior 
cerebral artery alone or combined with the middle 
cerebral. In one case (Fig. 5), in spite of the very 
small size of an angioma fed by the middle cerebral 
artery, there was dilatation of the homolateral 
common carotid artery and post-operative reduction 
of its calibre. 

Another fairly constant element of these vascular 
anomalies is the dilatation of the cortical veins 
draining into the longitudinal and lateral sinuses; 
70 cases (68-5°%) showed this venous dilatation and 
in 18 (17-8°%) the deep venous system was involved, 
especially the internal cerebral vein and the vein 
of Galen. 

The arterial dilatation was present in all the cases 
studied pre- and post-operatively and the reduction 
in calibre of these dilated arteries occurred (Figs. 4, 
5, and 6), in almost all of them (13 out of 15) and 
that of the veins also in many cases (Fig. 7). The 
lack of contrast medium in the anterior cerebral 
artery was observed in five cases; but a much better 
filling was also seen after the operation in three 
other cases in which the capillaries in the anterior 
cerebral territory were clearly seen where previously 
they were absent. 

Although it is well known by arteriographers that 
the velocity of circulation is markedly increased in 
these cases of arteriovenous cerebral malformations, 
the confirmation of this fact was not given in terms 
of haemodynamics and with quantitative data 
until 1948, when Shenkin, Spitz, Grant, and Kety 
demonstrated in two of these cases an increased 
cerebral blood flow three times the normal value, an 
increase of the cardiac output, and a discrete reduc- 
tion of the mean arterial pressure. In both these 
cases they found cardiomegaly and in one of them 
myocardial abnormality was shown by the E.C.G. 
These workers have suggested that the increase of 
cardiac output is produced reflexly by the lowered 
arterial pressure in the carotid and aortic reflexo- 
genic zones subsequent to the diminution of peri- 
pheral resistance. Bernsmeier and Siemons (1953) 
found in six cases of angioma an increase of cerebral 
blood flow of 80 to 200 ml./100 g./min. (normal, 


Fic. 12.—Enormous dilatation of the common and internal carotid 
arteries in the neck and skull base. Hosp. No. 6053. 


Fic. 13a.—Gross dilatation of the left vertebral and basilar arteries 
feeding a large central angioma. Hosp. No. 45317. 
Fic. 13b.—Antero-posterior view of Fig. 13a. 
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50-55 ml.), a decrease of the oxygen arteriovenous 
difference of 1:4 to 4:3 (normal, 6:4 vol. %), an 
increase of venous pressure of 6 to 10 mm. (normal, 
3mm.), and a reduced peripheral resistance of 
0°5-1-2 (normal, 1-7). TOnnis and Lange-Cosack 
(1953) found a return to a normal cerebral blood 
flow in five cases after the surgical removal of 
angiomas. 

From the evidence obtained in the present study, 
it is clear that the presence of a cerebral arterio- 
venous malformation determines a dilatation of the 
arteries feeding the angioma and of the correspond- 
ing arterial trunks in the neck and as proximal to 
the heart as the common carotid and vertebral 
arteries. It seems also apparent that this structural 
change is relatively reversible when the primary 
cause is removed, and it is reasonable to infer that 
the reason for this dilatation is the increase of 
blood flow passing through those arteries into the 
angioma, which constitutes a point of considerably 
diminished peripheral resistance. 

From the point of view of the distribution of 
blood to the different territories of the cerebral 
arteries, the presence of a cerebral angioma will 
direct towards its location a considerable amount of 
blood from other regions of the brain, especially 
from the territory of the anterior cerebral artery in 
those cases which are the most frequently (Fig. 8) fed 
by the middle cerebral artery. The absence of filling 
of the anterior cerebral and its appearance after 
operation (Figs. 9, 10, and 11) was considered to be 
strong evidence of the effect of these anomalies on 
the rest of the cerebral circulation. 

Olivecrona and Riives (1948) state that cardiac 
hypertrophy or dilatation is practically absent in 
cases of arteriovenous malformations of the brain 
in contrast with those of peripheral arteriovenous 
fistulae, and Lindgren (1946) has written that the 
congenital arteriovenous aneurysms do not produce 
cardiomegaly. Nevertheless, the fact that cardio- 
megaly has been found by Shenkin and others (1948) 
in their two cases (one of them with myocardial 
abnormalities) and by Rosenberg (1952) in another 
case with increased cardiac output of 7-2 1./min., 
and the fact that the arteries in the neck have been 
described as dilated by Cushing and Bailey (1928) 
and shown to be so in this series, suggests that these 
cerebral angiomas must have a greater repercussion 
upon the heart itself than the all too few cardio- 
vascular studies of these cases allow us to suppose. 

The return to normality after operation of the 
dilated arteries and veins is a very striking one, 
demonstrating the relatively benign character of 
these angiomas in relation to their effect upon other 
vessels and perhaps also to the general circulation. 
One of the interesting problems of these malforma- 
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tions is the very slow evolution of a process cop. 
sidered to be congenital and the fact that, although 
it is presumably present since birth, it begins to 
show symptoms, and therefore to invite recognition, 
after two or three decades. This fact would suggest 
that these angiomas are relatively small at birth and 
only with time become or produce the enormous 
dilatations that are so frequently seen, and perhaps 
the latter are wrongly considered as part of the 
angioma itself and not as a consequence of its 
presence. 

In the same way as these vascular dilatations are 
reduced by the extirpation of the angioma, it is 
reasonable to consider them susceptible of increasing 
their size; this is supported by an observation of 
Olivecrona and Riives (1948) of a case in which 
arteriography showed an appreciable increase in the 
size of the anomalous vessels after a 10-year interval, 

The dilatation of the arteries in the neck reaches 
sometimes such great calibre (Fig. 12) that it is not 
surprising that the bone orifices through which these 
arteries enter the cranial cavity or traverse the spine 
should be enlarged. Although necropsy material has 
not been abundant in confirming the existence of 
enlarged vertebral foramina or carotid canal, 
Blackwood (1956) has found in one of the cases of 
this series an enlarged jugular foramen. The enor- 
mous size of the carotid and vertebral arteries in 
Figs. la, 1b, 13a and 13b should make it safe to 
infer a structural increase of their bone orifices. 
Lindblom (1936) found an enlarged foramen spino- 
sum in 12 cases of arteriovenous malformations of 
the brain as well as increased vascular channels of 
the middle meningeal artery, and Hoare (1953) 
considers the increase in size of the vertebral fora- 
mina as radiological evidence of angioma of the 
posterior fossa. 

Whether the change in arterial calibre encountered 
in these cases corresponds to hypertrophy of the 
arterial wall or only to dilatation of the artery can- 
not, of course, be answered by radiological evidence. 
The review of the literature did not yield sufficient 
histopathological data to be certain of the answer 
to this question, although it would perhaps be more 
reasonable to expect a passive dilatation of the 
arterial wall due to the increased blood volume. 








Conclusions 

The cerebral arteriovenous malformations studied F 
in this series were shown to produce a secondary f 
dilatation of the afferent artery and of other arteries 
distal to it and as near to the heart as the common F 
carotid and the vertebral arteries. The veins draining 
the corresponding region of the angioma were also fF 
found to be very frequently dilated. The dilatation f 
of the feeding artery was seen to be associated with a FF 
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reduction in calibre of arteries feeding adjacent 
territories and in a considerable number of cases 
with an absence of contrast media in these vessels. 
These radiological changes of the cerebral circula- 
tion are considered to be a direct consequence of the 
presence of the angioma, since the appearance of 
these vessels returned to normal after the surgical 
excision of the malformation. It is considered that 
more cardiovascular studies of such cases are needed 
to be able to assess the repercussion of these vas- 
cular malformations upon the heart and the systemic 
circulation. 


Summary 

One hundred and two arteriograms of cases of 
cerebral arteriovenous malformation were studied 
in order to assess the influence of these anomalies 
upon the rest of the cerebral circulation, and the 
radiological changes after the surgical extirpation 
of 15 of those cases were analysed. The afferent 
artery was constantly found to be dilated as well 
as the arteries feeding adjacent territories and even 
the common carotid and vertebral arteries. This 
secondary arterial dilatation disappeared after re- 
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moval of the angioma and a marked improvement of 
circulation was seen in previously unfilled arteries, 
especially the anterior cerebral artery when the 
angioma was in the territory of the middle cerebral 
artery. 


The author is indebted to Dr. Hugh Davies for his 
advice and criticism, and to the Medical Committee of 


the National Hospital for permission to use the material 
described. 
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THE LATE SEQUELAE OF PNEUMOCOCCAL MENINGITIS 
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From the Radcliffe Infirmary, Oxford, and the Burden Neuropathological Laboratory, Frenchay Hospital, Bristol 


Before the advent of effective chemotherapy, 
pneumococcal meningitis was not only a fatal 
disease, but one that ran its full course with great 
rapidity. Cases invariably came to necropsy within 
10 days of the onset of the illness and usually very 
much sooner (Cairns and Russell, 1946). Although 
sulphonamides alone had little effect on the ultimate 
mortality the infection was often partially suppressed 
and the speed of the disease slowed down. When, 
however, penicillin became available the prognosis 
was revolutionized. In 1943 a trial of penicillin in 
the treatment of pneumococcal meningitis was 
initiated at Oxford by the late Sir Hugh Cairns: the 
value of penicillin was quickly established (Cairns, 
Duthie, Lewin, and Smith, 1944) and by combining 
it with sulphonamides the mortality was reduced 
to the order of 10% (Smith, 1951). Moreover, in 
certain unsuccessful cases death only occurred after 
illness lasting weeks or months. 

In parallel with this modification of the clinical 
picture the necropsy findings also altered, and 
particularly those with regard to the vascular changes 
(Cairns and Russell, 1946). In 1944, at a time when 
the limits to what might be achieved with chemo- 
therapy were still unknown, a child was admitted to 
the Radcliffe Infirmary, Oxford, who had already 
been iil with pneumococcal meningitis for some 
weeks and had developed the syndrome of pos- 
terior basic meningitis of infants (Gee and Barlow, 
1878). After a long and difficult illness the infection 
was eradicated and the obstructive element in the 
hydrocephalus relieved. This was one of the few 
cases in which useful recovery was not achieved 
(Smith, Duthie, and Cairns, 1946), and the child 
survived as an idiot until 1955. We consider that 
this case merits a full description since, in our 
experience, it is unique both in regard to the sur- 
vival period and the necropsy findings, which latter 
exemplify the end-result of a disease process that 
has hitherto been studied only in the active stage. 


Case Report 
Clinical History (R.I. 27963).—C. S., a girl, was born 
on November 15, 1942, and died on November 2, 1955. 


Pregnancy, delivery, and early development were 
normal; the child learnt to talk when about | year old 
and to walk two months later. She had no illnesses 
until May 1, 1944, when she became listless and drowsy, 
The following day she developed signs of meningeal 
irritation and was admitted to hospital where lumbar 
puncture yielded a purulent fluid containing pneumo- 
COcci. 

The child was treated with sulphathiazole, 4 g. every 
four hours. Her condition improved; after a week the 
dose of sulphathiazole was reduced to 4g. every six 
hours and stopped altogether two days later. At that 
time the cerebrospinal fluid still contained 800 leucocytes 
per c.mm. of which 95% were polymorphonuclears. 
Three days later the child was still feverish and pneumo- 
cocci were isolated on blood culture. For the next week 
she received 4 g. of sulphathiazole four hourly and for 
three days this was supplemented by intramuscular 
injections of penicillin to a total dose of 154,000 units. 
Two subsequent blood cultures were sterile, but in spite 
of this the child grew steadily worse, the fever persisted, 
the head retraction increased, and swallowing became 
difficult. On June 4 she was transferred to the Radcliffe 
Infirmary, Oxford, under the care of Sir Hugh Cairns. 
On the morning of her journey she had several fits which 
were predominantly right sided. 

On admission the child was in a deep coma, very pale 
and dehydrated, and her respirations were rapid and 
irregular. The pupils were fixed and she presented a 
picture of decerebrate rigidity with arched back and 
spastic limbs; while the right limbs were held firmly in 
extension, the left alternated slowly between flexion and 
extension. The optic fundi were normal, the fontanelle 
closed, and the skull measured 45 cm. in circumference. 

She was given a blood transfusion and 50,000 units 
of penicillin by intramuscular injection. Bilateral frontal 
burr holes were fashioned and both lateral ventricles 
tapped. They were greatly dilated and found at a depth 
of 3-5 cm., while the intraventricular pressure was raised 
to at least 280 mm. of water. The ventricular fluid con- F 
tained numerous pus cells and Gram-positive diplococci F 
which failed to grow on culture. When the procedure F 
was repeated the following day, pneumococci type 19 — 
were isolated on culture of the C.S.F. i 

Seven thousand units of penicillin were instilled into F 
the ventricles and for the next week the intracranial F 
pressure was controlled by twice daily ventricular and 
cisternal taps during which penicillin was instilled in f 
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Fic. 1.—Clinical photograph of the patient after suboccipital cranio- 
tomy: decerebrate posture with extensor rigidity and opisthoto- 
nus. 


doses of approximately 5,000 units. This was supple- 
mented by intramuscular penicillin and oral sulpha- 
diazine. On this régime the pneumococci disappeared 
permanently from the C.S.F. 

The intracranial pressure remained high and after one 
week a posterior fossa decompression was performed 
and a drain inserted into the cisterna magna. So long 
as the drain remained in position the intracranial pressure 
was low, but as soon as it was removed the pressure rose 
again to dangerous heights. Ventriculography was carried 
out and revealed a severe symmetrical dilatation of the 
ventricular system and, in addition, a large cyst or 
diverticulum occupying most of the right frontal lobe. 
Only a few bubbles of air passed into the cisterna magna; 
this was interpreted as evidence of an obstruction to the 
egress of C.S.F. from the fourth ventricle. 

The posterior fossa was explored and inflammatory 
adhesions were found between the cerebellar tonsils and 
over the posterior medullary velum leaving only a pin- 
point aperture in the roof of the fourth ventricle which 
was enlarged to about 7 mm. in diameter. The presence 
of a partial block was thus confirmed, but it was thought 
that there might well be a further obstruction at the level 
of the cisterna ambiens. 

After operation, there was little change in the 
child’s condition. The decerebrate posture was now 
extreme and interference of any kind, even noise, would 
provoke violent spasms of extensor rigidity in which the 
respirations would become extremely rapid and ster- 
torous (Fig. 1). 

At the beginning of August the child began to improve. 
Crying and swallowing returned and the extensor spasms 
became less frequent. She was discharged from hospital 
on November 4. At that time her nutrition was good 
ani the C.S.F. normal in all respects. She could swallow 
well and would respond to any stimulus by a long drawn- 
out cry. The fundi oculi were normal, the pupils reacted 
to light, and the corneal reflexes were present. Occasional 
involuntary conjugate movements of the eye were seen. 
All four limbs were extended and paralysed. No tendon 
jerks could be obtained and the plantars were frankly 
extensor. The decompression was slack and the operation 
wounds healed. 
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On subsequent examination in 1946 she was found 
to have bilateral optic atrophy and a searching nystag- 
mus. Fixed contractions of the joints had developed, but 
otherwise her condition remained stationary until her 
death from bronchopneumonia at the age of 13 years. 


Necropsy Findings.—The body was that of a small 
thin girl with severe dorsal scoliosis, fixed flexion con- 
tractures of the upper limbs, and extension contractures 
of the lower limbs. 

There is an extensive bronchopneumonia involving 
the right upper and part of the right lower lobe. The 
diaphragm shows a large hiatus hernia. 

The skull shows bilateral frontal burr holes and a 
suboccipital craniotomy defect. The dura is normal 
except for a few firm fibrous adhesions in the posterior 
fossa. 

The fixed brain weighs 377 g., of which the cerebellum 
and brain-stem account for 81g. 

The frontal lobes, the insulae, and the greater part 
of both parietal lobes are replaced by a thin, semi- 
translucent membrane (Fig. 2). Of the parietal lobes, 
the precuneus and the posterior rim of the paracentral 
lobule are preserved on the medial surface. On the 
convexity the superior parietal lobules and the upper 
and posterior part of the inferior parietal lobules are 
present. On the left side a shrivelled angular gyrus can 
be seen; on the right this structure cannot be identified. 
The convolutional pattern of both occipital lobes appears 
normal on the convexity as well as on the medial and 
inferior surfaces. In the temporal lobes the superior 
temporal gyrus on the left, the superior and middle on 
the right are thin and shrivelled, but the crowns of the 


Fic. 2.—Brain, convexity: the frontal and greater part of the parietal 
lobes are replaced by a thin-walled bladder. 
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Fic 3.—Coronal section of brain: 
preservation of temporal 
lobes and dilatation of 
lateral ventricles. Heiden- 
hain x 1.25. 


gyri are preserved. The left middle temporal and both 
lower temporal, fusiform, and hippocampal gyri, as well 
as both temporal poles, are preserved. 

Coronal sections show gross dilatation of the lateral 
ventricles which occupy the entire membranous bladder 
(Fig. 3). The posterior and inferior horns, which lie in 


Fic. 4.—Brain, base: small cerebellum and widely gaping fourth 
ventricle. 


relatively well preserved parts of the brain, are also 
grossly dilated and the subcortical white matter in these 
parts is considerably thinned. The ventricular surface is 
rough and distinctly granular in places. The third 
ventricle is also considerably dilated. 

The basal ganglia are small and atrophic and details 
of structure are not discernible. The corpus callosum 
is not identifiable except for a thin strand at the splenium. 

The brain-stem shows small and atrophic cerebral 
peduncles, pes pontis, and medullary pyramids. Other- 
wise its structure appears normal. The aqueduct and 
the fourth ventricle are considerably dilated. 

The cerebellum is small but shows no obvious struc- 
tural abnormality. The posterior medullary velum is 
absent and the grossly dilated fourth ventricle com- 
municates directly with the cisterna magna (Fig. 4). 

The cranial nerves appear normal. The spinal cord is 
somewhat thinner than normal, but shows no obvicus 
lesion. 


Histology 

The cerebral hemispheres were divided into several 
coronal blocks, embedded in celloidin and stained 
with carbol-azure, Heidenhain’s method for myelin, 
and Mallory’s phosphotungstic-acid-haematoxylin. 
The blocks containing the basal ganglia were cut 
serially and every fortieth section examined. Repre- 
sentative sections of the brain-stem, cerebellum, and 
spinal cord were embedded in celloidin and stained 
similarly. In addition frozen sections of the cere- 
bellum were stained with Holzer’s method for glia 
and with Cajal’s silver impregnation. The arterics 
of the circle of Willis were embedded in paraffin and 
cut serially, every tenth section stained with haema- 
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Fic. 5.—Right internal carotid artery: intimal fibrosis and splitting 
of internal elastica. Verhoeff-van Gieson x 35. 


toxylin and eosin and selected adjoining sections 
with Masson’s green trichrome and with Verhoeff- 
Van Gieson’s stain. 


Blood Vessels.—In its intracraniai course the right 
internal carotid artery shows a considerable degree 
of intimal thickening, crescentic in shape, and con- 
sisting of circularly arranged collagen fibres with 


scanty cells (Fig. 5). Underneath the point of 
maximal thickness of the intima the internal 
elastic lamina is disorganized and split into several 
thin, ill-defined lamellae. Elsewhere the internal 
elastica is well preserved and an additional thin 
sheet of elastica can be seen beneath the endothe- 


Fic. 6.—Right middle cerebral artery: Multilocular recanalization of 
occluded lumen. Verhoeff-van Gieson x 35. 
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lium. The media is thin and contains an excess of 
collagen fibres. The adventitia shows slight fibrous 
thickening. 

The left internal carotid is similarly affected, but 
the intimal thickening is less pronounced and the 
internal elastica, though split in places, is less dis- 
organized. 

Of the arteries of the circle of Willis, the two 
anterior and the two middle cerebral arteries show 
the most severe lesions. Near their points of origin 
their lumina are filled with a meshwork of fibrous 
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Fic. 7.—Branches of middle cerebral artery in left Sylvian fissure: 
calcification of elastica and intimal thickening. Carbol-azure x 30. 


trabeculae, traversed by numerous channels lined 
with endothelium and surrounded by a thin layer 
of smooth muscle fibres (Fig. 6). The internal 
elastica is relatively well preserved, but shows 
thinning, fragmentation, and splitting in places. 
The media is completely destroyed and the fibrous 
adventitia begins immediately underneath the 
elastica. In the more peripheral course of the 
arteries the channels unite into a single lumen sur- 
rounded by a ring of intimal fibrosis, the media 
reappears and the lesions resemble those described 
in the internal carotids. 

The posterior communicating arteries show only 
localized patches of intimal thickening with forma- 
tion of an additional subendothelial elastic layer. 
The right posterior cerebral artery shows mild 
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intimal fibrosis only. 
artery is normal. 

The medium-sized subpial, and to a lesser extent, 
intracerebral branches of the anterior and middle 
cerebral arteries show extensive calcification of the 
elastica in addition to severe intimal and adventitial 
fibrosis (Fig. 7). The smaller vessels show con- 
siderable, mainly adventitial, fibrosis. In the areas 
of complete destruction some of the small vessels 
show considerable narrowing of their lumina down 
to complete obliteration. 

The medium and small arteries of the posterior 
cerebral territory, the brain-stem, and the cere- 
bellum show no lesions. The veins appear normal. 


The left posterior cerebral 


Meninges.—The leptomeninges show a variable 
degree of thickening with proliferation both of the 
arachnoid endothelium and of collagen fibres. Here 
and there there are traces of lymphocytic infiltration. 
These lesions are very irregularly distributed and 
show no sites of predilection. 


Cerebral Cortex.—The frontal cortex is com- 
pletely destroyed and represented by a thin mem- 
brane consisting of four layers (Fig. 8). The outer 
layer is formed by thickened leptomeninges. The 
second layer consists of the remnants of the outer 
layers of the cortex which is devoid of nerve cells 
and shows considerable astrocytic proliferation and 
a moderate degree of fibrous gliosis, particularly 
in the marginal zone. This layer varies considerably 
in thickness. In some areas it is very thin, and even 
broken up in places, in others islands of somewhat 
thicker tissue can be seen, often with patches of 
spongy rarefaction in the centre. The third layer 
consists of a loose network of collagen fibres with 
numerous small, partly obliterated blood vessels. 
In the meshes of the network clusters of fat-laden 
microglial cells can be seen. The fourth layer, which 
represents the ventricular wall, consists of a thin, 
almost linear collagenous membrane (“ pia acces- 
soria ’’) denuded of ependyma. The central, insular 
and large part of the parietal cortex is similarly 
affected. Towards the edge of the lesion the subpial 
glial layer gradually increases in width and small 
groups of nerve cells appear in the scar tissue. Some 
of these cells are sclerotic, some are calcified (ferru- 
ginated). The pia accessoria also expands into a 
thicker glial layer, resembling the subpial one, and 
traversed by bundles of collagen fibres. Small 


islands of ependymal cells reappear on the ventricu- 
lar surface. This transitional zone of ulegyria leads 
to the well-preserved occipital cortex which shows a 
normal cytoarchitectural pattern, and only a mild 
degree of marginal gliosis. Some remnants of corti- 
cal tissue also reappear in the posterior part of the 
cingulate gyrus. In the temporal lobes the lesions 





Fic. 8.—Membranous wall of bladder: four-layer structure consisting 
of leptomeninges, cortical remnant, fibro-vascular network, and 


** pia accessoria ’’. Van Gieson x 40. 

are slightly asymmetrical, and are confined to the 
superior temporal gyrus on the left side, and to the 
superior and middle gyri on the right. 

The hippocampal allocortex also shows more 
severe damage on the right side, where there is an 
area of cell loss in Sommer’s sector, of Ammon’s 
horn with replacement gliosis and also some cell 
loss in the pyramidal layer of the uncus, as well as 
considerable destruction of the amygdaloid nucleus. 
On the left side there is only slight cell loss in Som- 
mer’s sector with fibrous gliosis. The left amygdaloid 
is preserved. The fornix can be traced on both sides. 
It is thin, but contains myelinated fibres, more 
numerous on the left than on the right. The corpus 
callosum and anterior commissure are not identifi- 
able. 

The subcortical white matter is completely des- 
troyed in the areas corresponding to the mem- 
branous cortex. Where the cortex is preserved in 
the occipital and temporal lobes the white matter 
shows considerable thinning but is well myelinated. 
The white matter in the roof of the right inferior 
horn is destroyed and replaced by a glial scar. On 
the left side it is preserved and both the fibres of the 
optic radiation and the bundle of Tiirck are identi- 
fiable. 


Basal Ganglia.—The striatum is destroyed except 
for a small postero-ventral part of the putamen and 
the tail of the caudate which can be identified in its 
course along the inferior horn of the lateral ventricle 
on both sides. Only the posterior half of the right 
pallidum is represented, and this shows considerable 
cell loss, severe loss of myelin, and heavy gliosis. 
The nuclei basales are intact. 

The thalamus is shrunken and distorted and 
identification of the surviving cell groups is difficult. 
The main cell masses of the anterior, medial, and 
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lateral nucleus have almost completely disappeared 
and are replaced by dense glial scars. Of the sur- 
viving nuclei the paraventricular and habenular can 
be identified. Of the centromedian group the medial 
part, which lies in close apposition to the fasciculus 
habenulo-interpeduncularis (the nucleus parafascic- 
ularis), is well preserved while the centrum media- 
num proper is largely destroyed and represented 
only by a few scattered cells. The nucleus lateralis 
dorsalis and possibly also the adjoining part of the 
medial nucleus of the pulvinar is preserved on both 
sides. The nucleus pulvinaris inferior (the inter- 
geniculate nucleus) is preserved on the left side, 
partly damaged on the right. The thalamus shows 
severe loss of myelinated fibres and in its posterior 
part the well preserved habenulo-interpeduncular 
tract stands out conspicuously. Myelinated fibres 
are also present in the posterior commissure and in 
the stria medullaris. 

The left lateral geniculate body appears intact; 
the right is not identifiable. The optic chiasm and 
both optic tracts are well myelinated, but the right 
is slightly smaller than the left. The medial genicu- 
late bodies are severely atrophied. 

In the subthalamic region both bodies of Luys 
are present, but show some damage. The fields of 
Forel and the zona incerta are prominent. 

The hypothalamus is remarkably well preserved 
from the neighbourhood of the optic chiasm back- 
wards. The supra-optic and paraventricular nuclei 
are conspicuous on both sides. The left mammillary 
body appears normal; the right has been damaged 
by artefact. The fibres of the column of the fornix 
can be seen entering the mammillary body, but the 
tract of Vicq d’Azyr is not traceable. The nuclei of 
the tuber and infundibulum appear normal. The 
pituitary stalk shows no lesion. 

The pre-optic fields and the septal nuclei are 
preserved. The nucleus accumbens is destroyed on 
both sides. 

Of the internal capsules only the postero-inferior 
part of the left capsule containing the optic radiation 
and the temporo-pontine fibres is preserved. 


Brain-stem.—The nuclei of the cranial nerves and 
the tegmental nuclei are intact. The red nucleus and 
substantia nigra appear normal. There is no ap- 
parent cell loss in the quadrigeminal bodies. The 
cerebral peduncles are shrunken and demyelinated 
except for the intact left temporo-pontine and partly 
damaged right temporo-pontine tracts. The pontine 
nuclei are mildly atrophied, the cell loss being more 
conspicuous on the right. The pyramidal tracts are 
completely demyelinated throughout their course 
through the brain-stem. The medial lemniscus, the 
medial longitudinal bundle, and the brachia con- 
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junctiva are well myelinated. In the lower medulla 
the nuclei graciles show cell loss, neuronophagia, 
demyelination, and gliosis. The cuneate nuclei and 
their fibres are normal. 


Cerebellum.—The cortex shows a diffuse granular 
layer atrophy of neocerebellar distribution (Fig. 9). 





Fic. 9.—Cerebellum: predominantly neocerebellar distribution of 
atrophy. 


Carbol-azure x 1-5. 
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Fic. 10.—Cerebellum: rarefaction of granular layer with preservation 
of Purkinje cells. Curbol-azure < 100. 
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The granular layer is thin and rarefied, while 
the Purkinje, Golgi, and stellate cells are intact 
(Fig. 10). The various fibre systems are also well 
preserved. In some places, however, complete 
atrophy of the cerebellar cortex can be seen. In a 
few folia this is confined to the depths of the sulci, 
in a few others the tips of the folia are the more 
affected. At the edges of these areas of total destruc- 
tion some disorganization of cortical architecture 
can be observed, accompanied by displacement of 
Purkinje cells into the molecular layer. Degenera- 
tive forms of Purkinje cells with axonal torpedoes 
and cactus-like swellings of the dendrites can 
occasionally be seen. These areas of destruction and 
disorganization show a heavy fibrous gliosis with 
proliferation both of radial and tangential glial 
fibres. On the other hand, in areas which only show 
granular rarefaction, gliosis is conspicuously absent. 
The central cores of the folia show demyelination 
and gliosis only in the areas of complete cortical 
atrophy. Where the lesion affects the tips of the 
folia this may be associated with status spongiosus 
or even frank cavitation of the white core. 

The cortex of the vermis is normal. 

There is a patch of cell loss in the posterior part 
of the dentate nucleus accompanied by partial 
demyelination in the amiculum. Elsewhere the 
nuclei are well myelinated. 


Spinal Cords.—At the lower cervical level there 
is a small wedge-shaped lesion in the posterior 
columns, completely replacing the tracts of Goll and 
encroaching upon the tracts of Burdach (Fig. 11). 
The highly cellular centre of the lesion consists of 
numerous swollen, proliferated, occasionally multi- 
nuclear astrocytes, numerous oligodendro- and 
microglial cells and a few perivascular histiocytes 
and fibroblasts. Fat-laden microglial cells are fairly 
numerous, particularly at the edge of the lesion. 
There is considerable proliferation of small blood 
vessels with a thick fibrous adventitia. This central 





Fic. 11.—Lower cervical cord: areas of demyelination in posterior 
and lateral columns. Heidenhain x 5. 
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lesion is surrounded by a zone of rarefied nervous 
tissue with a few myelinated nerve fibres, numerous 
astrocytic nuclei, but only very scanty glial fibres, 
This merges gradually into the healthy tissue of the 
lateral parts of the tracts of Burdach. The lateral 
columns show demyelination in the areas corres- 
ponding to the crossed pyramidal tracts. In addition 
the posterior halves of the lateral columns are the 
site of an active glio-mesodermal reaction similar 
to, but less intense than that found in the posterior 
columns. The central grey matter is normal. 

At lower levels (mid-thoracic and mid-lumbar) 
demyelination of the pyramidal tracts is the only 
abnormality seen. 


Ventricular System.—The entire ventricular system 
of the brain is grossly dilated. In the membranous 
parts of the fore-brain the ependyma is absent and 
the ventricular surface is lined by a thin fibrous 
membrane. In the areas where the wall of the lateral 
ventricle is preserved, as well as in the third and 
fourth ventricles and the aqueduct, the ependyma 
is broken up by numerous nodules of proliferated 
fibrous glia. In many places groups of ependymal 
cells are buried under the confluent glial nodules, 
where they form rosettes and tubular structures. In 
some places, particularly in the posterior horn of 
the lateral ventricles, the lining is formed by a layer 
of thick collagen fibres, interspersed here and there 
with glial fibres. The choroid plexuses are normal. 


Discussion 

In this case the intensity of the infection was 
originally damped down by the systemic chemo- 
therapy, with the result that the child was able to 
survive for nearly five weeks. That, at the end of 
this time, the infection was nevertheless still active 
was shown unequivocally by the isolation of typable 
pneumococci from the C.S.F. During these weeks 
the clinical picture had changed from that typical 
of acute pneumococcal meningitis to that of pos- 
terior basic meningitis of infants, a condition classi- 
cally associated with low-grade meningococcal 
infections. Moreover, the obstructive hydrocephalus 
had reached a pitch at which the high intracranial 
pressure constituted an immediate threat to life. 

The infection was permanently cured by appro- 
priate chemotherapy and, as a result of this and of 
surgical intervention (Cairns, 1949), the obstructive 
hydrocephalus was relieved. Nevertheless, the child 
remained a hopeless idiot. It was considered at that 
time that the likeliest explanation for this gross 
residual deficit was widespread cerebral infarction 
secondary to purulent arteritis (Cairns, 1947, 1949). 

Since that time an identical picture has been seen 
several times in cases of tuberculous meningitis in 
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which treatment was not begun until late in the 
disease (Smith and Vollum, 1950; Smith, Vollum, 
Taylor, and Taylor, 1956), and where destruction of 
brain tissue consequent on an advanced arteritis 
was the essential lesion. 

The post-mortem findings confirmed this clinical 
impression. Most of the lesions were either direct 
or remote consequences of arterial occlusion. A 
typical post-infective hydrocephalus was also 
present. In addition an apparently unrelated lesion 
in the cervical cord and an unusual type of cere- 
bellar atrophy were found. 

Vascular lesions in the acute and subacute stages 
of pneumococcal meningitis have been described by 
Cairns and Russell (1946). The findings in the 
present case represent the final residual changes of 
the processes described by these authors. There is, 
however, one essential difference in the distribution 
of the lesions: while in Cairns and Russell’s cases 
only the medium and small subpial and _ intra- 
cerebral vessels were affected, in our case the most 
severe damage was found in the main arterial trunks 
as they traversed the arachnoid cisterns at the bese 
of the brain. 

The anterior and middle cerebral arteries on both 
sides showed evidence of occlusion by an obliterative 
process, either proliferative or thrombotic which 
had undergone recanalization by multiple inter- 
communicating channels. Not only the lumen but 
also the entire arterial wall had become considerably 
disorganized. The media showed loss of muscle 
fibres, complete in places, and replacement by fibrous 
tissue continuous with that of the thickened adven- 
titia. The internal elastica had proved to be most 
resistant to the destructive process, but it also 
showed signs of damage in the form of thinning, 
fragmentation, and splitting into thin, irregularly 
distributed lamellae. New layers of elastica could 
also be seen in the intimal fibrous tissue. All these 
lesions appeared to be the end-result of an oblitera- 
tive panarteritis and resembled in all essential 
features the arteritis described by Heubner (1874) 
in cerebral syphilis. 

The calcification of the internal elastica was 
probably the end-result of fibrinoid necrosis des- 
cribed by Cairns and Russell in the subacute stage. 
It might be, as these authors suggest, due either 
directly to infection, or to tissue sensitization caused 
by repeated reinfection of the cerebrospinal pathway. 
Alternatively, Meyer (1951), who observed similar 
lesions in cases of birth injury without evidence of 
infection, ascribes them to ischaemic damage of the 
arterial wall. The fact that this change in our case 
was present only in arteries distal to the occlusion 
lends weight to this point of view. We have also 
found identical lesions in a case of arterial occlu- 
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sion in early childhood (Norman and Urich, 1957). 

The occlusion of a number of small arterial 
branches, particularly in infarcted areas, might be 
the end-result of an inflammatory process, or more 
likely, the physiological obliteration of non- 
functioning blood vessels. 

In striking contrast to the arteries the veins 
appeared to have escaped damage. This is in agree- 
ment with the observations of Cairns and Russell, 
who: found lesions confined almost entirely to 
arteries in the subacute stage, although in the acute 
phase both types of vessel seemed to be equally 
affected. 

The occlusion of the two main branches of the 
internal carotids on both sides had caused infarction 
of the entire territories of these arteries. The in- 
farcted parts of the pallium had been reduced to a 
thin, semitransparent membrane giving the brain 
the appearance encountered in some cases of hydran- 
encephaly. The histological appearance of the 
membrane, however, differed from that seen in true 
hydranencephaly in which the fibrovascular network 
is absent implying destruction and reabsorption in 
an earlier stage of development (Lange-Cosack, 
1944). 

The distribution of lesions in the basal ganglia 
corresponded closely with the extent of the cortical 
and subcortical lesions. The striatum was com- 
pletely destroyed with the exception of the part of 
the putamen and the tail of the caudate which 
receive their blood supply from the anterior choroi- 
dal artery. The internal and posterior parts of the 
pallidum supplied by the same artery had also 
survived though not unscathed. The heavy gliosis 
of this nucleus is not surprising in view of the fact 
that it forms part of the wall of an old infarct cavity. 
Lesions in the territory of the anterior choroidal 
artery were limited to vulnerable areas like Som- 
mer’s sector of Ammon’s horn, the pyramidal layer 
of the uncus, and the amygdaloid nucleus, all lesions 
of a non-specific character, commonly observed in 
epilepsy. It is difficult to be certain whether this 
preservation of the anterior choroidal territory was 
due to the fact that the artery had escaped occlusion 
or to its abundant anastomoses with branches of the 
posterior cerebral artery. 

The extensive thalamic lesions did not appear to 
be the result of direct ischaemic damage, the blood 
supply of the thalamus being derived mainly from 
the posterior cerebral and posterior communicating 
arteries with some contribution from the anterior 
choroidal artery, while the middle cerebral com- 

ponent was inconstant and insignificant (Foix and 
Hillemand, 1925). The damage is due to retrograde 
atrophy of the relay nuclei caused by destruction 
of the cerebral cortex and the striatum. Most 
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thalamic nuclei are known to have end-brain pro- 
jections and total ablation of the end-brain results 
in atrophy of the thalamus with the exception of the 
habenular, paraventricular, and parataenial nuclei 
(Rose and Woolsey, 1949). The first two of these 
were preserved in the present case, but the para- 
taenial, which is very inconspicuous in man (Deka- 
ban, 1953), could not be identified. In a case of 
hemiatrophy of the cerebral cortex, Le Gros Clark 
and Russell (1940) found the centromedian nucleus 
preserved in an otherwise almost completely atro- 
phied thalamus. The striatal projection of this 
nucleus is now well established (McLardy, 1948). 
The medial part of this nuclear group, known as the 
parafascicular nucleus, was thought by Simma (1951) 
to project on to the nucleus accumbens (“fundus 
striati’’). This was denied by Powell and Cowan 
(1956), who showed that in the monkey the para- 
fascicular nucleus projected on to a part of the 
putamen while the parataenial projected on to the 
accumbens. The findings in the present case support 
the views of these authors and suggest that the 
connexions of these nuclei may be similar in man. 
Of the cortical relay nuclei only two remained: the 
nucleus pulvinaris inferior and the nucleus lateralis 
dorsalis. The inferior nucleus of the pulvinar, also 
known as the intergeniculate nucleus, projects on to 
the para- and peristriate areas of the occipital 
cortex while the main mass of the pulvinar sends 
fibres mainly to the lips of the Sylvian fissure (Le 
Gros Clark and Northfield, 1937). The projection 
of the nucleus lateralis dorsalis is still a subject of 
controversy. Walker (1938) suggests tentatively that 
this nucleus may project on to the upper lip of the 
Sylvian fissure, but admits that the experimental 
evidence is not entirely convincing. The findings in 
the present case suggest that this view is incorrect, 
at least for man. Kuhlenbeck (1954) maintains that 
both the dorsal and the posterior lateral nuclei 
project on to the posterior parietal cortex in man. 
This cannot be ruled out in view of the survival of 
the superior parietal lobule, but does not agree with 
the results of the experimental work either of Le 
Gros Clark and Boggon (1935) or of Walker (1938). 
Retrograde atrophy must also be held responsible 
for the destruction of the medial geniculate and of 
the right lateral geniculate bodies. The destruction 
of the latter was due to interruption of the fibres of 
the optic radiation in the roof of the inferior horn 
of the lateral ventricle, and not to damage of the 
visual cortex, which was intact. On the left side the 
optic radiation was preserved and so was the lateral 
geniculate body. The hypothalamus, which derives 
its blood supply from the posterior communicating 
arteries, was intact. 
Contrary to the findings of Cairns and Russell, no 


HONOR V. SMITH, R. M. NORMAN, AND H. URICH 





vascular lesions could be seen in the brain-stem. 
The long descending tracts of cortical origin were 
degenerated except for the left temporopontine 
tract. The lesion affecting the posterior and, to a 
lesser extent, the lateral columns of the cervical 
cord was not coeval with the other lesions. Its 
appearances suggested a recent necrosis with an 
active and intense glio-mesodermal reaction. The 
nature of this lesion is obscure, but it resembles 
sufficiently those described in cervical spondylosis 
(Bedford, Bosanquet, and Russell, 1952; Greenfield, 
1953; Mair and Druckman, 1953) to suggest that it 
also was traumatic in origin. It is conceivable that 
subluxation of the cervical spine might occur in a 
totally paralysed idiot with extreme opisthotonus 
even in the course of ordinary nursing procedures. 
We have observed a similar lesion in another case 
of severe cerebral palsy. 

The hydrocephalus showed all the characteristic 
features of post-inflammatory hydrocephalus as 
described by Russell (1949). It involved all four 
ventricles and the aqueduct. The exact site of 
obstruction could not be established at necropsy 
as a large part of the roof of the fourth ventricle 
had been removed surgically to relieve occlusion 
of the foramina. In spite of the relief afforded the 
damage appears to have remained irreversible. 
Severe granular ependymitis and collagen replace- 
ment of the ependyma of the posterior horn, com- 
mon accompaniments of post-meningitic hydro- 
cephalus, were also observed in this case. 

The cerebellar lesions fall into two groups: 
selective atrophy of the granular layer and lobular 
atrophy involving both the granule and the Purkinje 
cells. In the present case it is difficult to account for 
the selective loss of granule cells except upon the 
basis of a toxic effect occurring at the time of the 
acute infection. Williams (1934) first drew attention 
to “conglutination’’ of the granular layer in 
individuals dying in the acute stage of septic 
meningitis and considered the lesion to be 
analogous to that produced by experimental poison- 
ing in animals. It has to be admitted, however, that 
atrophy of the granule cells has not been hitherto 
described as a late sequel of acute meningitis and 
this suggests that conglutination, when not an 
artefact, may be a reversible lesion and that in this 
instance it has indeed progressed to a stage of per- 
manent neuronal damage. Alternative explanations 
appear to be less plausible. For example, it would 
perhaps be tempting to ascribe the predominantly 
neocerebellar distribution of the lesion to secondary 
degeneration following the loss of the cortico- 
pontine tracts. In the reported cases of crossed 
cerebellar atrophy, however, the Purkinje cell layer 
has always been conspicuously involved (Verhaart 























LATE SEQUELAE OF PNEUMOCOCCAL MENINGITIS 


and van Wieringen-Rauws, 1950). A mainly 
neocerebellar distribution of atrophy of the granular 
layer has been described in other conditions, evi- 
dently unrelated to the present case. It may be found 
in a congenital type of cerebellar affection, as des- 
cribed by Ule (1952). Here the marked heterotopia 
of Purkinje cells and their frequent maldevelop- 
ment are distinctive features. The destruction of 
the granular layer due to poisoning by organic 
mercury compounds (Hunter and Russell, 1954) is 
of special interest because the effect of an exogenous 
toxin is so clearly demonstrated. In their case the 
sparing of the palaeocerebellum was considered 
remarkable. 

The much less conspicuous and patchily distri- 
buted atrophy of individual lobules and folia in the 
cerebellum of our case may also be related, at least 
in part, to the original infection. Noetzel (1944) 
described lobular sclerosis in children who survived 
an attack of acute suppurative meningitis. In his 
cases the tips of the folia were more affected and he 
suggested that the lesions were due to a spread of 
the infection from the meninges. With regard to the 
lobular atrophy in the deeper parts of the cerebellar 
cortex, the possibility that this was a post-epileptic 
change cannot be ruled out (Scholz, 1951), but it 
may well be that both pathogenetic mechanisms 
might have been operative. 


Summary 


A previously healthy girl aged 18 months de- 
veloped pneumococcal meningitis. Treatment with 
sulphonamides failed to eradicate the infection but 
altered profoundly the course of the disease which 
came to resemble subacute posterior basic menin- 
gitis. Subsequent surgical procedures and treatment 
with penicillin brought the infection under control 
and relieved an obstructive internal hydrocephalus, 
but the child remained in a state of decerebrate 
rigidity in which she survived for 11 years. 

At necropsy an old, partly recanalized, oblitera- 
tive arteritis was found in both anterior and both 
middle cerebral arteries. Their territories of supply 
had undergone infarction and were replaced by a 
thin semitranslucent membrane. The thalamus 
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showed extensive retrograde degeneration; of the 
nuclei with cortical projection, only the nucleus 
pulvinaris inferior and the nucleus lateralis dorsalis 
had survived. The cortical projection tract showed 
long-standing degeneration. 

In addition, an unusual type of cerebellar degener- 
ation was found, consisting predominantly of 
atrophy of the granular layer in the lateral lobes. 
A recent lesion in the lower cervical cord was also 
discovered; it was thought to be due to trauma, 
probably a subluxation of the cervical spine. 


We wish to thank Dr. W. A. Heaton-Ward of Stoke 
Park Hospital, Bristol, for his kind permission to use 
his hospital records. This work was carried out with 
the assistance of the Nuffield Foundation. 
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ELECTRO-ENCEPHALOGRAPHY IN A CASE OF 
ISLET CELL ADENOMA 


BY 
JOHN LAIDLAW* and S. M. RAB 


From Hammersmith Hospital and Postgraduate Medical School of London 


Organic hyperinsulinism has been the subject of 
recent full reviews (Breidahl, Priestley, and Rynear- 
son, 1956; Skillern and Rynearson, 1953; Duncan, 
1952; Howard, Moss, and Rhoads, 1950; Crain 
and Thorn, 1949), but this case is discussed for the 
following particular reasons :— 

(1) In order to emphasize the importance of con- 
sidering hyperinsulinism as a differential diagnosis 
of the epilepsies and the psychoneuroses. 

(2) Because it has been often stated (Breidahl et al. 
1956; Black, Corbett, Hosford, and Turner, 1954; 
Crain and Thorn, 1949) that the electro-encephalo- 
gram (E.E.G.) is of little value in the diagnosis of 
this condition and this case shows that, properly 
applied, it may make a valuable contribution. 

(3) Because the case presents certain rather 
unusual features about the form of the attacks and 
also about the E.E.G. findings. It is possible that 
there may be a correlation of some theoretical 
interest between the two. 


Case Report 

A married woman, aged 24, was admitted on February 
20, 1957, four months after the birth of her first baby. 

Since the age of 17 she had had difficulty in waking up 
in the morning. She would lie with her eyes open but 
would appear dazed and confused: although in touch 
with her surroundings she was slow to answer questions 
and showed little spontaneous activity, There was no 
sweating or tremulousness, she did not complain of 
hunger or other symptoms, and apart from her “ sleepi- 
ness ’’ she appeared normal and healthy. These attacks 
were self-limiting but she would be ‘* weak on her legs ” 
until she had breakfasted. They occurred at variable 
intervals on an average once or twice a month and with 
little change in severity or frequency over a period of 
about six years. Between attacks she was very short- 
tempered and showed mild neurotic symptoms. She was 
considered to be suffering from hysteria and no special 
treatment was given. 

During her pregnancy she improved and towards the 
end was free of attacks. Shortly after the birth of her 
baby the attacks returned, but although they still occurred 
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in the early morning they had changed their character 
and increased in severity. There were about 12 attacks 
in which she became drowsy, might complain of tingling 
in the fingers, started to make facial movements including 
smacking of the lips, and very shortly had a generalized 
convulsion from which she recovered after a short period 
of unconsciousness. 

At 9a.m. on January 1, 1957, she was attending to 
her baby before taking her own breakfast. Suddenly she 
called to her husband that she was going to have one 
of her attacks and told him to take the baby. Almost 
immediately she appeared to lose her reason, became 
maniacal, threw herself about the room, and tried to 
attack the child whom her husband was now holding. 
This behaviour lasted several minutes and was only 
terminated by a typical major convulsion. When she 
had not recovered consciousness after one and a half 
hours she was sent to another hospital with the diagnosis 
of epilepsy. 

On admission she was found to be in coma with bilateral 
extensor plantar responses but no other relevant physical 
signs. Twenty-four hours after admission a sample of 
blood was reported as showing 12 mg. % glucose. Despite 
immediate treatment with large quantities of intravenous 
glucose she remained stuporose for several days. For 
two weeks after regaining consciousness she was con- 
fused, unable to answer simple questions, and dis- 
orientated with a markedly impaired memory and slurred 
speech. After a further two weeks she had returned to 
normal and shortly afterwards was transferred to 
Hammersmith Hospital for confirmation of suspected 
organic hyperinsulinism. 

On admission on February 20, 1957, she presented as a 
normal, healthy, slightly overweight young woman of 
average intelligence. She was anxious, a little facetious, 
and showed some emotional lability. There were no 
significant physical signs. Four random early-morning 
blood sugar estimations gave values of 27, 49, 62, and 
51 mg. per 100 ml. Serum electrolytes, liver function tests, 
urinary ketosteroids, a water load test, radiographs of the 
chest, skull, and abdomen, and a barium meal were 
normal. A routine E.E.G. showed (1) short bursts of 
high-amplitude, regular bilaterally synchronous 3 cycles 
per second (c.p.s.) waves maximal anteriorly, provoked 
by over-breathing, and (2) an abnormality localized to 
the right postero-lateral area as shown by phase reversa! 
of occasional, moderate-amplitude slow-wave complexes 
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The first finding had no significance unless related to 
blood sugar levels, the second suggested minimal cerebral 
damage. 

At this stage the diagnosis of hypoglycaemia due to 
organic hyperinsulinism was considered very probable. 
For confirmation sufficient to recommend laparotomy 
it was desirable to reproduce the patient’s symptoms by 
starvation and to alleviate them by giving sugar. how- 
ever, this patient did not have the usual premonitory 
symptoms associated with sympatho-adrenal activity; 
she passed suddenly from a state of apparent complete 
normality to one of altered consciousness, psychotic 
behaviour, and convulsions. 

In order to avoid reproducing symptoms of this 
severity, serial E.E.G.s were recorded during the latter 
part of a 22-hour fast (Table I, Fig. 1). A significant 
E.E.G. abnormality was reproduced by fasting; at the 
same time the blood sugar was found to be 38 mg. per 
100 ml., and the effective plasma insulin activity by 
Vallence-Owen and Hurlock’s rat diaphragm method 
(1954) was shown to be 300 micro-units/ml. One hundred 
grams of glucose were given by mouth and the significant 
E.E.G. abnormality was completely corrected. At no 
time during this test did the patient complain of any 
symptoms other than hunger and she showed no signs of 
hypoglycaemia. It was felt that Whipple’s criteria for 
exploratory laparotomy (Whipple, 1944) had _ been 
satisfied without unpleasantness for, or risk to, the patient. 

On March 21 Professor Aird removed a_ benign 
adenoma (25x20x14mm.) from the head of the 
pancreas. 


Slow activity as percentage of recording time 
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TABLE I 


PRE-OPERATIVE E.E.G. SERIES SHOWING BLOOD SUGAR 

LEVELS, FIRST OCCURRENCE OF, AND PERCENTAGE 

RECORDING TIME OCCUPIED BY LARGE SLOW WAVES, 

NUMBER OF LOCALIZED ABNORMAL COMPLEXES, AND 
PLASMA INSULIN ACTIVITY 





| Time of 
|Appearance| 
of First 
Slow 
Activity 


10.15 a.m. | li: 1-2 130 sec. | 5 
| | | | 0-B 
11.45 a.m. | - 


29 85sec. | 7 
0 

12.45 p.m. | 

1.30 p.m. | | 100 


. 
2.45 p.m. | 
3.30 p.m. | 


Blood | Plasma 
Insulin 


Activity 


Localized 
Abnormal 
Complexes 


me 
EEG. oe 
| Activity 


Time 
| 


Sugar |~; 
me”) No. 





-B 
8 
Before 0-B | 


| 








100 g. glucose by mouth 
} 


lia |1:5| 0 | Absent | 
57 6 | 0 Absent | 





s-3 
i: 





The fasting serial E.E.G. test was repeated (Table I) 
on April 9. Blood sugar levels were essentially normal, 
the fasting plasma insulin activity was 30 micro-units/ml., 
and no high-voltage slow waves were recorded electrically. 

The patient was discharged from hospital on May 18. 
She had had no hypoglycaemic attacks since her opera- 
tion. As on admission, there were no significant physical 
signs. Her mental state was within normal limits; it was 
not possible to say whether a slight facetiousness was a 


100 


Before 0-B 


90 


@ 
°o 


Fic. 1.—Pre-operative fasting- 
E.E.G. test. The columns 
represent the percentage of 
recording time during which 
large slow waves occur: the 
time of the first appearance 
of these waves is written at 
the top of each column. 
Records I: 5 and I: 6, after 
glucose has been given, show 
no such abnormality. The 
results of five estimations of 
blood sugar are also shown. 


300 micro-units /ml 
te CS Be ae ae 
Blood sugar in mg. % 


Ss 


Plasma insulin activity 





6 





1-00 12:00 


3-00 


4-00 5-00 


100 g. glucose 
by mouth 
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part of her premorbid personality, but she appeared less 
nervous and emotionally labile. 


Details of E.E.G. Findings 

Series I.—The patient was starved from 6p.m. on 
February 29, 1957. The next day six E.E.G.s were 
recorded between 10.15a.m. and 5p.m. The temporal 
electrode position was used for each recording which 
lasted 10 minutes: five minutes before and two minutes 
after three minutes of over-breathing. One hundred 
grams of glucose were given at 4 p.m. between records 4 
and 5 (Table I, Fig. 1). 

In each record there was a well formed although scanty 
alpha rhythm with frequencies at 10 and 11 c.p.s. There 
was no evidence of slowing of the dominant frequency 
or of generalized theta (4-7 c.p.s.) activity. 

The localized abnormality seen in the routine record 
was again present and showed some aggravation by 
hypoglycaemia (Table I). 

The main feature of this series was high-voltage slow 
activity. There were bursts of regular bilaterally synchro- 
nous waves at 24 and 3 c.p.s. maximal anteriorly. Hypo- 
capnoea and hypoglycaemia act synergically in evoking 
such activity (Brazier, Finesinger, and Schwab, 1944) 
and in the first three records these waves only occurred 
during over-breathing. The percentage time of these slow 
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waves and the time of over-breathing necessary to induce 
them are shown in Fig. 1 and Table I. It will be seen 
that in record 4, just before glucose was given, not only 
is there a greatly increased incidence of these waves but 
they occur during the resting record without the provo. 
cation of over-breathing. This finding in itself, byt 
particularly in comparison with earlier records in the 
series, was considered to be significant and to suggest 
the probability that an alteration in consciousness would 
soon be manifest clinically. Throughout this crucial 
record the patient felt and looked perfectly normal, 
Fig. 2, taken from record 4, shows a burst of high-voltage 
slow waves appearing against an essentially normal 
background. 

No high-voltage slow waves were recorded after 
glucose had been given (records 5 and 6), even during 
over-breathing. 


Series II1.—The series of six records was repeated on 
April 9 under similar -onditions. There had been a 
significant alteration in the alpha rhythm which was 
about twice the previous amplitude, plentiful and with 
frequencies reduced to 9 and 10 c.p.s. 

The localized abnormality was not significantly altered 
and once again was more prominent during the fasting 
records. 


we A AMA 
tr UV VV 





Fic. 2.—A specimen of the pre- 
operative record I : 4 
showing large regular 
bilaterally synchronous slow 
waves appearing suddenly 
from an essentially normal 

background. 
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TABLE II 


POST-OPERATIVE E.E.G. SERIES SHOWING BLOOD SUGAR 
LEVELS, NUMBER OF LOCALIZED ABNORMAL COM- 
PLEXES, AND PLASMA INSULIN ACTIVITY 





Plasma 
Insulin 
Activity 


Time Blood Sugar | E.E.G. | N°-,of Localized 
ime | No 


> Abnormal 
(mg.%) | Complexes 





10.00 a.m. — 
11.20 a.m. : os 
1.05 p.m. | ~ — 
2.30 p.m. | — 
30 micro 
} } units/ml. 





“4.00 p.m. pei 0 
“4.05 p.m. om 1:5 | 1 
4.30 p.m. 217 a :6 | 1 
§.25 p.m. 200 — | _ 
6.05 p.m. 246 —- a 


| 100 g. glucose by mouth | 











No high-voltage slow waves were recorded in this 
series. 

Blood sugar levels and the incidence of the localized 
abnormal complexes are given in Table II. 


Comment 

The wide variation between the records of different 
individuals and the vagueness of the abnormalities 
which occur probably explain why the E.E.G. is 
considered of comparatively little value in the 
diagnosis of “‘metabolic” conditions. These objec- 
tions become less valid if serial records are made 
and if variations within the series are correlated with 
clinical changes as a result of test situations or 
treatment. 

The electrical changes in hypoglycaemia have also 
been criticized because of the poor correlation 
between the severity of E.E.G. abnormalities and 
the blood sugar level (Bonnet and Malpertuy, 1955; 
Black et al., 1954; Solis and Vara Lopéz, 1954; 
Hoefer, Guttman, and Sands, 1946). However, 
Bonnet and Malpertuy (1955), Gibbs and Murray 
(1954), Wyke (1952), and many other workers have 
also drawn attention to the lack of parallelism 
between the clinical state and the levels of blood 
sugar. The clinical state depends primarily on the 
level of cerebral metabolism and only secondarily on 
the amount of sugar which is reaching the brain to 
maintain this metabolism. Himwich, Bowman, 
Daly, Fazekas, Wortis, and Goldfarb (1940) showed 
that in therapeutic insulin coma the blood sugar 
fell rapidly and remained at a fairly steady low level, 
whereas there was a much more gradual fall in the 
rate of cerebral metabolism as shown by the reduc- 
tion in arteriovenous oxygen difference, the re- 
duction of the metabolism to very low levels being a 
function not only of the level of the blood sugar 
but of the time during which it had been low. The 
Same authors (Himwich, Frostig, Fazekas, and 
Hadidian, 1939), again working with carefully con- 
trolled comas, found that there was a better corre- 


lation between brain oxygen uptake, E.E.G. abnor- 
malities, and symptoms than there was between any 
of these variables and the level of the blood sugar. 
It would be expected that the blood sugar would 
provide even less reliable correlations in cases of 
organic hyperinsulinism when the secretion of 
insulin is known to be very variable. 

It is felt that serial E.E.G.s can, in suitable cases, 
give some direct and objective measure not of the 
level of the blood sugar, which can be obtained more 
simply, but of the much more important effect of 
hypoglycaemia on cerebral function. It is interesting 
that Whipple (1944) suggested that E.E.G.s run in 
parallel with glucose tolerance tests might prove 
valuable. 

The minimal localized abnormality which has 
been a feature of all the records may possibly 
represent minimal residual cerebral damage, prob- 
ably resulting from the prolonged “ irreversible ” 
coma in January. It is well known (Bickerstaff, 
Dodge, Gourevitch, and Hearn, 1955; Gibbs, Gibbs, 
and Lennox, 1939; Malamud and Grosh, 1938) but 
important to emphasize that a generalized metabolic 
insult may cause a temporary or permanent localized 
clinical or electrical cerebral abnormality. 

The increase of this abnormality in the fasting 
records of our patient, both before and after 
operation, confirms the finding of Ross and Loeser 
(1951) that hypoglycaemia can aggravate E.E.G. 
abnormalities other than the classical wave-and- 
spike complexes as stated by Gibbs et al. (1939). 

Although high-voltage slow waves are considered 
as typical of severe hypoglycaemia, as of other severe 
metabolic disorders, it is usual for the first electrical 
changes to consist of a slowing of the dominant 
alpha rhythm and the gradual appearance of slower 
waves within the theta (4-7 c.p.s.) range; the large 
slow waves when they occur rise against a back- 
ground which is already quite definitely abnormal 
(Regan, Browne-Mayers, and Evarts, 1955; Bonnet 
and Malpertuy, 1955; Heppenstall and Greville, 
1950). 

In our case the slow waves, which were the main 
feature of the pre-operative records, arose from an 
essentially normal background. Since these large 
slow waves are usually associated with disorders of 
consciousness, it is interesting to speculate whether 
there is any connexion between the sudden ap- 
pearance of slow waves against a normal back- 
ground and the appearance of sudden alteration of 
consciousness without the usual premonitory 
symptoms. 

Far from there being a slowing of the alpha 
rhythm due to hypoglycaemia, there was a slight 
but definite and significant slowing of the alpha 
rhythm after operation when the patient’s blood 
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sugar levels were normal. It is possible that this 
slowing, associated with the increase in the amount 
and amplitude of the alpha rhythm, was due to the 
reduction in nervousness which was apparent 
clinically after operation. It is interesting that one 
of the first cases of organic hyperinsulinism reported 
in this country by Fraser, Maclay, and Mann (1938) 
was of a young woman who suffered from neuras- 
thenic symptoms, which persisted between her 
attacks and were relieved by operation. 


Summary 

The case is described of a young woman who 
suffered from organic hyperinsulinism due to an 
islet cell adenoma of the pancreas. For six years 
she masqueraded as an hysteric and later as an 
epileptic. The diagnosis was suspected after a severe 
attack and was confirmed by a fasting test in associa- 
tion with serial electro-encephalograms and estima- 
tion of plasma insulin activity. 

The appearance of non-specific E.E.G. abnormali- 
ties suggesting a disorder of cerebral metabolism 
anticipated any clinical manifestation, and the 
diagnostic value of such non-specific changes in 
controlled test situations is stressed. 

Certain interesting clinical and electrical findings 
are reported. 


We wish to thank Dr. Wolstencroft, Dr. Goodwin, 
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and Professor Aird for permission to report this cage 
which has been under their care, and Dr. Vallance-Owen 
for his estimation of plasma insulin activity. 
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MANIFESTATIONS OF SUPRARENAL INSUFFICIENCY 
OCCURRING WITH PITUITARY TUMOURS 


BY 


ANTONY JEFFERSON* 
From the Department of Neurological Surgery, the Radcliffe Infirmary, Oxford 


The urgent symptoms which frequently result 
from compression of the optic nerves and chiasm 
have focused attention upon themselves so that some 
of the manifestations of adrenal cortical insufficiency 
secondary to “ pituitary tumour” have received 
scant notice. This is not to say that they are totally 
unknown, but they form a submerged body of 
knowledge to which relatively little importance is 
accorded. Now that cortisone and its allied and 
related substances provide for the first time an 
effective treatment of this condition, the neurologist 
or neurosurgeon, who usually has the care of 
such patients, must be fully aware of the possible 
ways in which these patients’ symptoms may 
present. The symptoms and signs of adrenal failure 
can closely mimic those of organic brain disease, 
so that a patient in crisis from adrenal failure 
may be mistakenly regarded as suffering from 
serious intracranial mischief. This may occur in 
primary suprarenal insufficiency, but when it hap- 
pens to a patient whose suprarenal failure is secon- 
dary to an already recognized pituitary chromophobe 
adenoma, the temptation to ascribe the clinical 
picture to a massive extrasellar extension of the 
tumour is almost irresistible. In either case a mis- 
take in diagnosis may cost the patient his life, for full 
radiological investigation or surgical exploration 
will likely prove disastrous when in reality the 
appropriate and urgent need is for adrenal cortical 
hormones. Moreover, in lesser degree, adrenal 
cortical insufficiency not only increases the risks of 
operation, but may cut short the patient’s span of 
life, or may be responsible for ill-health which either 
prevents the patient’s return to work or greatly 
decreases his efficiency and enjoyment of life. 

This paper is concerned with manifestations 
ascribable to adrenal cortical hypofunction in 135 
cases of pituitary chromophobe adenoma (of which 
124 were histologically verified) and in 31 cases of 
Rathké pouch cyst. The youngest patient with a 
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pituitary adenoma was aged 18 at the time of 
admission to hospital for the treatment. In order to 
make the two groups of cases comparable, 28 cases 
of Rathké pouch cyst which required admission 
below the age of 18 have been excluded from this 
survey. 


Material 


It has been possible to trace the records of 135 
cases of pituitary chromophobe adenoma. Of these 
the lesion was histologically verified on 124 occasions, 
and in the remainder there were firm clinical and 
radiological grounds to sustain the diagnosis. Of 
those with Rathké pouch cysts, 19 had been histo- 
logically verified, and the remaining 12 had radio- 
logical evidence of typical suprasellar calcification. 
A small group of patients was rejected because, 
although either a pituitary chromophobe adenoma 
or a Rathké pouch cyst was suspected, there were 
neither satisfactory histological nor radiological 
findings to differentiate between them. I have per- 
sonally examined 52 of the patients with a chromo- 
phobe adenoma, and one half of those with Rathké 
pouch cysts who are still alive. For all the data on 
the remainder of the patients (some of whom are 
now deceased) I am indebted to the records of the 
Department of Neurological Surgery at the Rad- 
cliffe Infirmary. Most of the operations on these 
patients were carried out by the late Professor Sir 
Hugh Cairns and by Mr. Joe Pennybacker. 


Case Histories Illustrating Suprarenal Failure 


The usually accepted description of hypofunction 
of the suprarenal glands includes the following 
symptoms: asthenia, anorexia, nausea, vomiting, 
and diarrhoea; abdominal pain may occur, and also 
cerebral disturbances such as restlessness, depression, 
drowsiness. There may be troublesome hiccoughs, 
Pigmentation is common but not invariable; the 
blood pressure is usually low. Asa“ crisis ’’ develops 
there may be vomiting, diarrhoea, fever, and even 
abdominal pain severe enough to simulate an acute 


3 265 








266 


abdominal crisis. ‘When the Addisonian crisis is 
fuliy developed the blood pressure falls to low levels, 
and at times cannot be recorded. From this point 
the patient can usually only be saved by immediate 
and vigorous treatment. 

In the literature of the English language, apart 
from an admirable paper by Cushing (1913) entitled 
“* Psychic Disturbances Associated with Disorders 
of the Ductless Glands ’*’, there has been relative 
neglect of those aspects of suprarenal failure which 
were first described by the term “* l’Encéphalopathie 
Addisonienne ”’ (Klippel, 1899) and which have been 
amplified by French writers since that time. These 
writers have stressed that among the symptoms 
associated with suprarenal failure are personality 
changes, restlessness and delirium, headache, vomit- 
ing, photophobia, and stiffness of the neck (Frette, 
1913), convulsions and coma (Lebrun, 1937), whilst 
terminal opisthotonic attacks with extensor spasms 
have also been reported (Gosset, 1941). In the 
American literature, Engel and Margolin (1941) 
have described neuropsychiatric disturbances in 
Addison’s disease, but they did not include the 
** pseudomeningitic’’ form of Addisonian en- 
cephalopathy, first described by Sergent in 1903. 

The following case history, which is that of a man 
with primary suprarenal failure, provides a dramatic 
instance of the cerebral symptoms which may occur 
as the result of acute suprarenal insufficiency. (This 
patient was admitted to the Radcliffe Infirmary under 
the care of Dr. A. M. Cooke, and I am indebted to 
him for permission to record these details.) 


Case 1.—A man aged 32 (RI 198915/54) had been in 
hospital five months earlier because of loss of weight, 
fatigue, and vomiting after meals. He had lost just over 
2 stones in three months. Physical examination disclosed 
no abnormalities: blood pressure 105/80mm. Hg; 
blood sedimentation rate 57 mm./hr. (Westergren). He 
was kept under observation as an out-patient, and apart 
from loss of energy and failure to gain weight he had no 
significant complaints. However, when a radiograph of 
the chest showed for the first time signs suggestive of a 
tubercular apical infection, he was admitted as a matter 
of urgency for gastric lavage and reassessment. On the 
sixth day after admission, he developed malaise, ab- 
dominal discomfort and diarrhoea, but the following day 
these symptoms subsided. From that time on the patient 
appeared increasingly anxious about himself. On the 
thirteenth day after admission (May 24, 1955) treatment 
with streptomycin, para-amino-salicylic acid (P.A.S.), and 
iso-nicotinic acid hydrazide (I. N. H.) was begun. The 
patient vomited before the first treatment was given, and 
that night was doubly incontinent, although on the 
following morning he was cooperative, was not confused, 
and complained only of slight dizziness on sitting up 
suddenly. Because of the development of incontinence 
as an isolated symptom, tuberculous meningitis was sus- 
pected, and a lumbar puncture was performed (May 25, 
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1955). Only 0-5 ml. of fluid could be obtained, but jt 
contained no red or white cells and was quite colourless: 
radiographs of the skull were normal. By May 27 he was 
extremely drowsy, slightly restless and confused. He was 
doubly incontinent. He would obey only very simpk 
commands. His skin was very dry, and on his face there 
were fine white cracks which had an appearance reminis. 
cent of a thin layer of dried shaving soap. There was no 
abnormal skin pigmentation. There was some neck 
stiffness, and later in the day Kernigism was observed, 
All the tendon jerks were very sluggish; there was a 
minimal weakness of the right side of the body, and both 
plantar responses were equivocally extensor. A lumbar 
puncture was again attempted, but no fluid at all could 
be aspirated, although the operator was satisfied that the 
needle was in the correct position. About midday on 
May 27 signs of profound peripheral vascular collapse 
(blood pressure 60 mm. Hg systolic) were evident. At 
this point suprarenal insufficiency seemed possible, and 
blood studies showed the following values: Serum 
sodium 117 m.Eq./litre, serum potassium (in slightly 
haemolysed blood) 10-2 m.Eq./litre, and plasma chloride 
80 m.Eq./litre. He immediately received a large quantity 
of normal saline intravenously, together with 100 mg. of 
hydrocortisone intravenously, 30 ml. of “* eucortone” 
intravenously, 10 ml. of “ eucortone ’’ intramuscularly, 
and 10 mg. of desoxycorticosterone acetate (D.O.C.A.) 
intramuscularly. A stomach tube was passed, and by 
this means 25 mg. of cortisone was given four-hourly. 
Three hours after the treatment began, he was responding 
a little more readily, and his blood pressure had not 
fallen any further. Seven hours after treatment began, 
when he was better hydrated and had passed normal 
urine, a lumbar puncture was successfully performed. 
The pressure was still low, but this time at least 3 ml. of 
fluid was obtained. The analysis of this fluid was not 
compatible with a diagnosis of tuberculous meningitis. 
By the morning of May 28, the patient was greatly 
improved. He was conscious and rational, and he had 
amnesia for the events of the preceding day. His neck 
was still stiff, but less so than before. His blood chemistry 
now approached normal: serum sodium 136 m.Egq./litre, 
serum potassium 5-6 m.Eq./litre, plasma _ chloride 
96 m.Eq./litre. Next day his appearance and demeanour, 
which were almost those of a normal subject, made a 
striking contrast with his moribund state only 36 hours 
previously. On June 2, it was observed that whereas 
previously he had been drowsy, hyper-reactive, querulous, 
and in general “ not like his normal self ”’, he was now 
cheerful and cooperative and had an excellent appetite. 
The dry scaling of the skin of his face had been a feature 
from which he had suffered for several years. He had 
found it necessary to use “ lanoline ’’ frequently to keep 
it in check. This scaling became less evident during 
treatment with cortisone. The electroencephalographic 
accompaniments of this illness were interesting and have 
been illustrated and discussed elsewhere (Boselli and 
Jefferson, 1957, Case 2). 

This patient’s progress subsequently was satisfactory; 
treatment of the tuberculosis was completed, he gained 
weight, and remained on cortisone by mouth (12-5 mg. 
t.d.s.) and in excellent health. 
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The next case history indicates that cerebral 
symptoms due to chronic primary suprarenal in- 
sufficiency may develop more insidiously. (This 
patient was admitted to the Churchill Hospital, 
Oxford, under the care of Dr. E. M. Buzzard, and 
I am grateful to him for permission to record these 
details.) 

Case 2.—A man of 59 (RI 177548/55) first attended the 
Out-patient Department two years before his hospital 
admission, and was said in the past to have had a slightly 
elevated blood pressure. Four months before his first 
attendance he lost 14 stones over a period of three 
months, and began to suffer from fatigue. His skin was 
dry and ichthyotic in type, and was pigmented over the 
sacrum and chest. The skin was peeling over his face. 
His blood pressure was 140/90 mm. Hg. He was kept 
under observation, during which time he complained a 
lot of the cold. Finally, he became suddenly unconscious 
for a period of one and a half hours, and was thought 
to have had an epileptic attack, although no convulsions 
were witnessed. He was subsequently admitted to hos- 
pital for investigation with the chief complaints of lack 
of energy and lethargy. The peeling of the skin of the 
face was still evident at the time of his admission, and 
indeed the patient stated that this phenomenon began 
at the same time as the lethargy and loss of weight. His 
blood pressure was 140/100 mm. Hg. There were no 
abnormal neurological signs. The pressure at lumbar 
puncture was only 40 mm. H,O, and the fluid showed a 
protein level of 60 mg./100 ml. and no cells. The serum 
sodium was 130 m.Eq./litre, serum potassium 4-7 m.Eq./ 
litre, and plasma chloride 100 m.Eq./litre. The skull 
radiograph was normal. On July 15, 1955, while having 
a barium meal, he fainted and became pale, cold, and 
clammy, with a very feeble pulse. The barium meal 
showed no abnormality, and on return to the ward his 
blood pressure was 130/80 mm. Hg. 

Because this patient looked so thin and ill, malignant 
disease was suspected, although no primary tumour had 
been detected. Since he was thought to have had a fit 

_and there were left temporal “ epileptic looking ” patterns 
in the E.E.G., arrangements were made for air encephalo- 
graphy. The encephalogram was performed without 
incident on July 21, but the following day the patient had 
a generalized headache, nausea, and vomiting. At 
8.30 a.m. on July 23, he was found to be conscious 
and able to converse, but he felt weak and he looked 
severely ill. His pulse was extremely feeble and his 
blood pressure could not be measured. Abnormalities 
of the blood chemistry had now developed; serum 
sodium 129 m.Eq./litre, serum potassium 5-7 m.Eq./litre, 
and plasma chloride 90 m.Eq./litre. The plasma bicar- 
bonate was 17 m.Eq./litre. Before the results were avail- 
able, an intravenous drip containing noradrenaline was 
begun, as it seemed that he would otherwise die of 
hypotension. Although the biochemical changes were 
relatively slight, treatment as for an Addisonian crisis 
was begun, and he received 100 mg. of hydrocortisone 
intravenously, and large quantities of intravenous normal 
Saline. In addition, cortisone, 25 mg. six-hourly by 
mouth, was started. From this time on there was steady 


improvement, but he could not be weaned from the nor- 
adrenaline until 18 hours after the treatment of the 
Addisonian crisis began. By this time he had a blood 
pressure of 110/70mm. Hg. His blood chemistry im- 
proved rapidly, and it was soon possible to reduce the 
oral cortisone to a maintenance dose of 12-5 mg. b.d. 
At the end of the first five days of cortisone treatment, it 
was remarkable that the scaling of the skin of his face 
was far less evident. He has remained fit since his dis- 
charge from hospital, and he still continues on the same 
dose of cortisone. 


When severe anterior pituitary hypofunction is 
associated with pituitary tumour, defective function 
may exist in several, or in all, of these endocrine 
organs whose normal function depends upon the 
integrity of the anterior pituitary gland. The features 
described below of a patient with a pituitary chromo- 
phobe adencema effectively illustrate the outstanding 
part which secondary suprarenal failure may play 
in the production of symptoms and signs. 


Case 3.—A man of 63 (RI 179989/55) was married and 
had three grown-up children. He never required to shave 
regularly until he was 26 years old, and even then only 
needed to shave every second day in order to preserve a 
tidy appearance. He was conscious of the fact that 
throughout his life he had had less body hair than most 
of his colleagues. 

For three years before admission the patient had been 
aware of diplopia, but only in the last six months did he 
manifest a definite weakness of the right external rectus 
muscle. Two months later he developed a right-sided 
herpes zoster ophthalmicus and from that time onwards 
he lacked energy and would often have a headache on 
waking. Five weeks before admission he became pro- 
gressively unwell, with a feeling as though he were 
developing a severe cold. After five or six days he was 
afflicted by pain in his back that became so severe that 
he retired to bed. Shortly after this he awoke one night 
with severe occipital pain, and for the next 36 hours he 
lay, taking very little interest in his surroundings and 
groaning with pain. He then began to vomit repeatedly, 
and after four days in bed at home the right eyelid began 
to droop. With this development an intracranial aneurysm 
was suspected, and he was admitted to hospital elsewhere. 
He was found to be conscious and cooperative, though 
mentally slow. He had a complete ophthalmoplegia on 
the right. He remained in hospital, and his headache 
gradually subsided, but he became more drowsy. On 
September 18, 1955 (a little more than three weeks after 
his admission to hospital), he suddenly developed ptosis 
of the left eye, and was found to have a paralysis of the 
left third and fourth cranial nerves. He had mild fever. 
On September 19 he became delirious and was admitted 
to the Radcliffe Infirmary on September 23. He was 
found to be confused, demented, and disorientated. He 
was not definitely dysphasic. There was no neck stiffness. 
Both fundi were pale, indicating optic atrophy, but the 
discs showed no swelling. There was complete bilateral 
ptosis, and indeed, with the exception of abduction of 
the left eye and a feeble light reaction of the left pupil, 








Fic. 1.—Note fine dry scales on the facial skin, particularly that of the 
forehead (Case 3). 


there was complete bilateral ophthalmoplegia. The re- 
mainder of the neurological examination disclosed very 
sluggish or absent tendon reflexes throughout, and both 
plantar responses were absent. Blood pressure was 
120/85 mm. Hg. The skin was dry and was neither 
unduly pale nor pigmented. There were dry scales on 
the facial skin (Fig. 1). There was sparse axillary hair 
and a female distribution of pubic hair. Analysis of the 
cerebrospinal fluid (C.S.F.) showed a protein content of 
95 mg./100 ml., 9 polymorphs, 28 lymphocytes, and no 
red blood cells per c.mm. The radiographs of the skull 
showed an expanded and eroded sella turcica suggestive 
of a pituitary adenoma. On September 26 the blood 
chemistry was: serum sodium 135 m.Eq./litre; serum 
potassium 4-9m.Eq./litre, and plasma _ chlorides 
102 m.Eq./litre. The water metabolism was studied under 
difficulties because of the patient’s confused state, but in 
four hours after the ingestion of 30 oz. of water only 
8 oz. of urine was excreted (corresponding to 27% of the 
ingested fluid). Under the circumstances of the case, this 
finding was taken to indicate adrenal cortical hypo- 
function, an inference which was backed by the fact that 
later, when receiving cortisone, more than 100% of the 
water “‘ load” was excreted within four hours of its 
ingestion. 

A chromophobe adenoma of the pituitary gland was 
diagnosed and bilateral invasion of the cavernous sinus 
was indicated by the bilateral ophthalmoplegia. In order 
to explain the profound dementia an upward extension 
of the tumour into the third ventricle was postulated. 
Because of recent experience of the possible dangers of 
intracranial air injection in the presence of adrenal cortical 
hypofunction (cf. Case 1 in Jefferson, 1956, and Case 2 
above), cortisone therapy was begun three days before a 
lumbar air encephalogram was performed (October 1, 
1955). The radiographs showed (Fig. 2) absolutely no 
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sign of suprasellar extension of the tumour. Later, when 
the patient became cooperative, it was possible to show 
that the only defect in the visual fields was a slight and 
partial hemianopia affecting the temporal field of one 
eye alone. This finding was in keeping with the evidence 
of the air studies. It was concluded that the mental 
symptoms were the result of metabolic disorder. The 
patient initially received cortisone, 25 mg., t.d.s., dried 
thyroid tablets, O-5g., b.d., and 50mg. of methy 
testosterone dissolved sublingually each day. The corti- 
sone was subsequently reduced to 12°5 mg. t.d.s. On 
this régime he improved remarkably, though not im. 
mediately, and by October 12 he ended a period of 
amnesia that dated from August 21, and he was no longer 
demented or uncooperative. A course of radiotherapy 
directed to the pituitary gland was given. With the im- 
provement in the mental sphere, there was a correspond- 
ing dramatic change in the electroencephalogram (see 
Boselli and Jefferson, 1957, Case 1). 


Considerable drowsiness, irritable bad temper, and 
incontinence are features which occur at times 
following operations upon the region of the pituitary 
gland. It is usual to ascribe these symptoms to 
disturbance of the hypothalamus due to oedema 
developing in the neighbourhood of the operation 
site. However, there are certain features about these 
post-operative symptoms which are reminiscent of 
Addisonian encephalopathy. The following facts 
about the incidence of these changes also support 
this interpretation, although clearly ‘* encephalo- 
pathy ”’ rather than hypothalamic disturbance cannot 
be invoked in every instance. 

Mental disturbances in the post-operative phase 
occurred in 20 cases out of 67 males with pituitary 





Fis. 2.—Lumbar air encephalogram. 
enlarged pituitary fossa but complete absence of supraseller 
extension: third ventricle undeformed. 


Lateral radiograph. Note 
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chromophobe adenoma. (Indeed, the incidence of 
post-operative mental changes in the male cases was 
35°% if the few cases in which there was death in 
the early post-operative phase or else inadequate 
information in the record are withdrawn from con- 
sideration.) Of these 20 cases, no fewer than 14 had 
considerable features of “ hypopituitarism ”’ in the 
form of pallor and relative hairlessness of face or 
body. Mental changes in the post-operative phase 
occurred in nine of the 50 females with a chromo- 
phobe adenoma, and, of these nine cases, six had 
evidence of hypopituitarism. In contrast, among 
the patients with Rathké pouch cysts, only two 
patients were hypopituitary of the nine who showed 
post-operative mental changes. With a Rathké pouch 
cyst the mechanism of these mental changes is prob- 
ably more often due to hypothalamic disturbances. 

The following case provides an example of post- 
operative changes probably related to adrenal 
cortical hypofunction. 


Case 4.—A medical practitioner of 36 (RI 20284/43) 
had an uncomplicated right sub-frontal operation for a 
pituitary chromophobe adenoma performed by Professor 
Cairns. This man had a blood pressure of 100/70 mm.Hg. 
and shortly before admission the systolic pressure had 
been recorded on one occasion at 90mm.Hg. In 
addition, there was very little hair on the limbs, no 
axillary hair, and sparse pubic hair. The operation was 
carried out on December 20, 1943, and that night his 
state of consciousness seemed normal. On December 21, 
he was fully conscious but mute, and on December 22 
he began to be doubly incontinent and both plantar 
responses were extensor. The next day he was very 
drowsy, and on the eleventh post-operative day Professor 
Cairns wrote as follows: 

“Still mute. At times very difficult to rouse, but 
will sit up and feed himself. Incontinent of urine and 
faeces. . . No trace of hemiparesis now; both plantars 
flexor; . . . Some scaling of the skin, especially on the 
forehead. Blood pressure 70/40 mm. Hg. Lumbar 
puncture pressure 160 mm. H,O”’. 

On January 6, 1944, the systolic blood pressure was 
recorded at the level of 100 mm. Hg. for the first time in 
the post-operative phase. Slowness of movement and 
incontinence continued to be features of the convalescence 
for about a month. At the end of that time the patient 
began to improve, but the blood pressure remained low 
and was only 100/70 mm. Hg. when he was at last well 
enough to leave hospital two months after his operation. 


Symptoms of adrenai cortical hypofunction may 
persist for many years so that the patient becomes 
used to the occasionally inconvenient episodes and 
accepts them. For example, one patient with a 
Rathké pouch cyst, diagnosed by radiological means 
at the age of 32 but never operated on, had been 
under periodic observation for 19 years. By then 
his blood pressure was 80/50 mm. Hg, his water 
metabolism was typical of suprarenal insufficiency, 


and he was suffering from lack of energy and re- 
peated “ bilious attacks ’ with headache and gastro- 
intestinal upset. These symptoms interfered con- 
siderably with his capacity to work. His water 
metabolism was restored to normal by cortisone. 
On a régime of cortisone, 12°5 mg., b.d., the bilious 
attacks ceased abruptly and his “‘energy”’ was 
progressively improved. 

These cases show that pallor without pigmentation, 
scaliness of the skin of the face, mental confusion, 
meningism, incontinence, headache, and gastro- 
intestinal disorders are all possible manifestations of 
hypo-adrenalism in patients with pituitary disease. 
It should be said that these changes may occur in 
patients before visual disorders have occurred, they 
may accompany the development of the visual 
symptoms, or may develop while the patient is in 
hospital awaiting operation. The removal or the 
destruction of the blood supply of a functioning 
pituitary tumour at operation may precipitate 
‘“‘Addisonian ”’ signs and at a later date radiotherapy 
directed to the pituitary fossa may have the same 
effect. It is thus necessary to be aware of and to 
look for the signs of hypo-adrenalism at all stages 
of the life history of these pituitary ‘‘ tumours ”’. 
Because the pallor of the “* hypopituitary ’’ patient 
can usually be corrected by cortisone, and because 
it seems likely that sparseness of body hair is linked 
with adrenal cortical hypofunction, it is possible 
that an approximate notion of the incidence of 
adrenal cortical dysfunction among these patients 
may be obtained from a study of the incidence of 
clinical hypopituitarism. For the chromophobe 
adenomata this was 66°% of the males and 37% of 
the females. For the Rathké pouch cysts, after 
excluding cases below the age of 18, the incidence 
of hypopituitarism was 47% of the males and 
37% of the females. 

Considering those patients who have died, it is 
impossible in retrospect to make an accurate assess- 
ment as to whether correction of a hormonal deficit 
would have prolonged their lives after treatment, or 
would have carried them safely through an operation. 
However, in a few cases the likelihood that death 
occurred because of adrenal cortical failure seems 
very high, and in other examples there is a reason- 
ably strong ;possibility that this was so. Table | 


TABLE I 
ANALYSIS OF KNOWN FATALITIES IN THE SERIES 





Pituitary 
Chromophobe 


Rathké Pouch Cysts 
Adenoma 








Male Female Male Female 


Total known deaths | _ | 16 7 8 





Deaths ascribed to | 15 7 1 3 
endocrine failure | | 
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shows the incidence of these cases compared with 
the total number of known deaths from all causes. 

Three features of anterior pituitary hypofunction 
which are probably also related to secondary adrenal 
failure must now briefly be considered. 


Rheumatism 


Of the total of 135 patients with pituitary chromo- 
phobe adenoma, 16 had manifestations of ‘* rheuma- 
tism’’, and the incidence was distributed equally 
between the two sexes. These varied from very mild 
to quite severe changes. 


Case 5.—An example of the mild changes is provided 
by a man of 46 (RI 189806) who had had visual dis- 
turbances for six months. Two weeks before admission 
he began to ache in all his joints. All the large joints 
were affected, and he developed stiffness of the middle 
fingers of both hands. However, these symptoms sub- 
sided following his admission to hospital for operation; 
they did not recur. 


A more severe type is illustrated by the following 
case :— 


Case 6.—This woman (RI 147353/51) was aged 49 at 
the time of her admission to hospital for treatment of a 
pituitary adenoma. At the age of 41 her periods had 
begun to be less frequent, and the following year she 
had been subjected for the space of 12 months to inter- 
mittent headaches of bursting quality. At the age of 45 
she had developed an acute attack of rheumatism, with 
pain in the lower part of the spine and involvement of 
the shoulder, hip and knee joints bilaterally. She was in 
bed for three weeks, and her convalescence occupied two 
months. Failure of vision was not observed until nine 


months before admission. She continued intermittently 
to be subject to stiffness and pain in the joints right up 
to the time of operation, and for the first year after it. 


Hypoglycaemia 


Hypoglycaemia has been described in association 
with a pituitary chromophobe adenoma (e.g., Foley, 
Snell, and Craig, 1939). However, it is not a 
common occurrence, for in this series only three 
patients had symptoms probably referable to 
hypoglycaemia, and only nine patients out of a total 
of 56 studied had a fasting blood sugar of less than 
70 mg./100 ml. The lowest fasting level encountered 
was 50 mg./100 ml., and this was in a woman with 
very severe long-standing hypopituitarism who was 
subject to episodes of coma which may have resulted 
from a low blood sugar (Case 7 described below). 
One male patient had symptoms which might 
possibly have resulted from hypoglycaemia. The 
third patient, a woman aged 56 (RI 93882/48) under- 
went an intracapsular removal of a pituitary chromo- 
phobe adenoma. Six months later she began to get 
fainting attacks which consisted of a feeling of 


ANTONY JEFFERSON 


intense hunger accompanied by a cold sweat. She 
could just manage to settle herself in a chair before 
she became unconscious. There was no incontinence 
or tongue biting, but there was some jerking of the 
limbs. For a year these attacks occurred some three 
or four times per week, but after it was suggested 
that the attacks were hypoglycaemic and that they 
could be avoided by taking frequent small meals, 
she became completely free of the full-blown 
episodes. If she fancied an attack was coming upon 
her she could avert it by taking food. 

Since spontaneous hypoglycaemia has been 
described in association with atrophy of the supra- 
renal glands (Rushton, Cragg, and Stalker, 1940) it 
seems likely that the hypoglycaemia associated with 
‘* pituitary tumour ”’ is yet another manifestation of 
secondary adrenal cortical hypofunction. 


Low Fluid Turnover and Constipation 


In a few instances of adrenal cortical hypofunction 
secondary to pituitary tumour collection of urine 
over a period of 48 hours has shown a total volume 
as low as 700 ml. Indeed, accurate records indicating 
an abnormally low fluid turnover constitute one of 
the features whereby, among these patients, severe 
hypopituitarism may be recognized from the chart 
alone. Perhaps the constipation which may some- 
times be a feature of anterior pituitary hypofunction 
(cf. Goetsch, 1914) results from an abnormally small 
fluid intake. But, whatever the cause, cessation of 
long-established constipation has been closely and 
unmistakably linked in some patients with pituitary 
“tumours” with the beginning of hormone 
replacement therapy. Table II shows the incidence 
of this disorder in the various groups of patient. 






TABLE Il 
THE INCIDENCE OF CONSTIPATION AS A SYMPTOM 





| 








Chromophobe Rathké Pouch 
Adenomata Cysts 
| Males | Females Males | Females 
Numbers of patients 33 | 29 Ti : 6 


in whom adequate 
data was available 
Numbers of such 12 5 5 | 
patients in whom 
constipation was 
a conspicuous 
symptom 





One patient (RI 15183/41) with a Rathké pouch 
cyst, who is too young to be included in this series, 
was in hospital no less than five times for either 
manual removal of faeces or else investigation of 
chronic constipation. A barium enema showed no 
abnormality of the large bowel. The constipation 
was eventually relieved as the child grew older. 





: 
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The Biochemical Investigation of the Patient with 
Pituitary Disease 


In a surgical unit where urgency compels a rapid 
succession of patients, the biochemical investigation 
must usually be limited to the minimum compatible 
with designing the safest treatment and with giving 
the greatest benefit to the patient. The study of the 
effects of anterior pituitary failure can be exhaustively 
and lengthily protracted. 


This study involves 17 patients (14 of them males) 
with pituitary tumour and anterior pituitary failure 
of greater or lesser degree. Of these patients, nine 
had completed their treatment (at intervals varying 
from 11 months to 15 years earlier) and they were 
readmitted to hospital because of symptoms ob- 
served at the follow-up clinic which suggested 
hypopituitarism. In one such patient symptoms of 
hypopituitarism had prevented his return to work 
for over three years, but he took up employment 
again at the age of 59 within three months of begin- 
ning hormone replacement treatment. In another 
patient still being followed up who was suffering 
from gross loss of energy and severe dyspnoea, 
hormone replacement greatly increased his physical 
capacities and relieved him of his symptoms. In the 
remaining five similar patients, their increase in 
well-being and in energy following treatment was 
uniformly recounted in glowing terms. The desir- 


ability of hormone replacement can scarcely be 
disputed; the questions to be decided are which 
hormone and in what dose? 


From experience with these patients, it can be 
said that the most important investigation is the 
water-loading test, repeated with 50 mg. cortisone 
given by mouth four hours before ingestion of the 
test dose of water. Estimations of the serum sodium 
and potassium, together with the plasma chlorides, 
should be performed before carrying out this test. 
Wynn and Garrod (1955) have warned against the 
dangers of indiscriminate water loading where water 
intoxication already exists. They advise that the 
test should not be carried out when the serum sodium 
level is below 130 m.Eq./litre. Moreover, it has been 
the custom here to modify the test load of water 
according to the capacity of the patient. As men- 
tioned above, some patients with severe hypo- 
adrenalism are accustomed to drink only 750- 
900 mil. of fluid in the whole day. To expect them to 
consume the full 20 ml. per kg. prescribed in the 
Kepler test (Robinson, Power, and Kepler, 1941) is 
to viliate the test in advance by provoking vomiting. 
No patient has been encountered in whom less than 
600 ml. could be consumed, and under these cir- 
Cumstances the validity of the test is endorsed if, 
after the patient ceased to eat or drink at 6.30 p.m. 
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the volume of urine excreted between 10.35 p.m. and 
7a.m. is large (e.g., 300-350 ml.) and if the test 
repeated with preceding cortisone reveals a normal 
or near-normal metabolism of water. With regard 
to the maintenance dose of cortisone, only one 
patient has required thrice daily administration of 
12-5 mg. of cortisone; the majority do well on 
12-5 mg. twice daily, while a few are adequately 
improved on 12°5 mg. once a day. 

If the patient is co-operative enough, an assess- 
ment of the basal metabolic rate (B.M.R.) is desir- 
able, for this will then place treatment with thyroid 
extract or thyroxine on a firm and rational basis. 
The lowest B.M.R. encountered in this group of 
patients has been — 39%. When indicated, the 
usual dose of dried thyroid extract is 1 g. daily, and a 
few patients have had this increased to 2g. daily. 
Because thyroid hormone may precipitate latent 
suprarenal insufficiency (e.g., Lerman and Stebbins, 
1942) thyroid hormone is never started without first 
performing a water-loading test, and if cortisone is 
required thyroid is not begun until a few days with 
cortisone treatment have elapsed. In the male with 
adrenai cortical hypofunction, a low output of 
17-ketosteroids suggests that gonadal function is 
also subnormal. 

With regard to testosterone, methyl testosterone 
sublingually has been employed generally, giving 
25-50 mg. daily to the males, and 5-10 mg. daily 
to the females. Methyl testosterone has been pre- 
scribed in most instances for its metabolic (anabolic) 
effects. Without the patient’s express request it ~ 
appears mischievous to alter a patient’s sexual 
activities through the medium of hormone treatment 
merely in order to make him approximate to an 
arbitrary “‘ normal ’’ man. 

The blood cholesterol level and the glucose 
tolerance test do not appear to have any intrinsic 
value in the planning of therapy. Insulin tolerance 
tests have not been performed because the water- 
loading test is a safer and a simpler indicator of the 
necessity for cortisone. The Thorn test utilizing 
one intramuscular injection of A.C.T.H. has been 
shown to be misleading. The intravenous Thorn 
test (Renold, Jenkins, Forsham, and Thorn, 1952) 
has not so far been employed. Table III lists the 
results of some of the biochemical studies performed. 

The possible dangers of cortisone therapy, e.z., 
water retention, masking of infection, elevation of 
the blood pressure, psychosis, have, with the excep- 
tion of one case, not been encountered. However, 
this treatment should not be entered upon unthink- 
ingly or without due care. The following case 
illustrates the possible dangers of even small doses 
of cortisone to a patient with long-standing anterior 
pituitary failure. 
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TABLE III 


BIOCHEMICAL DATA FROM GROUP OF PATIENTS WITH PITUITARY INSUFFICIENCY ALL REQUIRING SUPPLEMEN TARY 
TREATMENT WITH HORMONES 





! 
| 
| 
| 


Blood Cholesterol (mg./100 ml.) 


| Basal Metabolic Rate (%) 
Serum Sodium (m.Eq./litre) 





Serum Potassium (m.Eq./litre) 


Plasma Chloride (m.Eq./litre) 
Fasting Blood Sugar (mg./100 ml.) 
Highest Blood Sugar Level after 
Oral Ingestion of 50g. Glucose 
(mg./100 ml.) 

Metabolism (% of loading dose 
excreted by the end of 4 hours) 


Untreated Water Metabolism 
(% of loading dose excreted 


17-Ketosteroid Excretion 
by end of 4 hours) 


(mg./24 hours) 
Cortisone-treated Water 





Investigations at time 
admission to hospital 

Male 

R. B. 

Ww. C. 

N. E. 

Ww. P. 


of first 


=9 
—33 


139 


Female 
L.B 


IK. 


| 


oes 
Nao 





} 


i 80 94 





Investigations after completion of 
surgical and radiation treatment 


Male 

D. B. —1 — 14! 
ix —39 330 138 
A. G. —28 — 143 
Cc. Hi. ri i 139 
H. L. —14 — 139 
H. N. ; —16 — 141 
F. O. |} —20 — 140 
A. S. = —_ ~ e 
Female 

M. F. —22 — 127 
RB. A. ied on = 
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| 


> 
- 


102 91 120 8-0 47 79 
102 85 — 0-2 8 180 
101 —_ _ 40 4 
102 — — — 26 43 
} 99 } 87 | 139 60 85 
102 88 119 1-0 _ 
102 -- -- 4:5 66 
= ~ } —_ _— } 25 140 
| | 
| | | 
99 50. | A 1-0 | : 
o~— _— —_ -- 30 120 








Case 7.—A woman (RI 194934/54) was aged 42 at the 
time of her first admission in 1939. Her periods had 
ceased suddenly 14 years earlier, and from that time on 
she had suffered from headaches. For 15 months there 
had been some failure of vision. She had the features of 
“hypopituitarism”, a partial bitemporal hemianopia 
with preserved visual acuities, and radiographs showed 
an expanded sella turcica. One course of radiation treat- 
ment had been given nine months before admission, and 
since there was no clear evidence of progressive visual 
failure, operation was not advised, but further radiation 
treatment was prescribed. This was effective, so that 
15 years later there had been no reduction in the visual 
acuity in the right eye and only minimal change in the 
left eye. There was no significant change in the field of 
vision over the years. In 1954 she was found to be com- 
plaining of loss of weight and lack of energy. On going 
further into her history, it was noted that for several 
years she had been liable to episodes in which for two 
days at a time she would lie around the house dozing 
and scarcely speaking or eating. She would then recover 
spontaneously. Her ill-health appeared likely to be the 
result of anterior pituitary failure. The investigations 
confirmed the desirability of hormone replacement 
therapy, and she was discharged from hospital taking 
cortisone, 12-5 mg. b.d., dried thyroid, 0-5 g. b.d., and 









methyl testosterone, 10 mg. a day sublingually. Arrange- 
ments were made to see her two months later. In the 
interim, the patient and her family were delighted with 
her increased mental alertness, her improved vigour and 
her good appetite. However, she became remarkably 
thirsty, and five weeks after her discharge developed 
oedema of the ankles. Two weeks later, although the 
oedema still persisted, she felt well when she developed 
an upper respiratory infection with a slight cough. The 
day before her death she was up and about, running her 
house, and ate four good meals. The next day she was 
unwell, ate nothing for breakfast or lunch, but dozed 
in a chair. After lunch she could not be awakened, but in 
view of the episodes mentioned above no particular 
notice was taken of this until late evening, when she was 
found to be snoring heavily. She died quietly later that 
night, and at necropsy there was a bilateral broncho- 
pneumonia sufficiently extensive to explain her death, and 
a pituitary gland in which almost all the glandular tissue 
had been replaced by extensive fibrosis. Presumably this 
patient had suffered from secondary adrenal failure for 
so long that 25 mg. of cortisone per day was enough to 
cause retention of water and to mask the chest infection, 
with fatal results. 


Since this experience, it has been the practice in 
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this unit to re-examine patients two to three weeks 
after cortisone treatment has begun. Two further 
out-patient visits are generally arranged in the next 
two months, and from then on the visits may be 
rapidly spaced out until they conform with those 
required for supervision of the visual disorder. 


Discussion 

The means by which adrenal cortical hypofunction 
may manifest symptoms or signs referable to the 
nervous system has not yet been fully elucidated. 
Mental or intellectual changes may possibly result 
from decreased cerebral blood supply. This is a 
notion which appealed to some of the earliest 
observers of this condition. Greenhow (1875) re- 
ferred to ‘“* The symptoms more directly referable to 
the nervous system... which... may... be regarded 
as the effects of some interference with the due 
blood supply of the great nerve centres’. He went 
on to say that these symptoms closely resembled the 
nervous phenomena which sometimes follow copious 
haemorrhages. It is possible that further experience, 
together with greater understanding of the hormones 
of the suprarenal cortex, will show that adrenal 
cortical insufficiency is not a single entity but has 
different facets. It is difficult to understand why in 
one case critical illness develops in association with a 
grossly disordered biochemical state (cf. Case 1) and 
in another an equally serious illness occurs when the 
blood chemistry is far less disordered (cf. Case 2 and 
Case | in Jefferson, 1956). In Case 1 of this paper 
there was no complicating factor whilst in the other 
two cases air had been injected inside the skull, and 
it is possible that hypothalamic disturbances con- 
tributed to the onset of the crisis. 

Sergent’s (1903) description of meningism in 
adrenal insufficiency so impressed Siredey and Tinel 
(1907) that they claimed (perhaps somewhat rashly) 
to have made the diagnosis of. Addison’s disease 
when they observed a tuberculous patient with 
meningeal signs. Of course, this deduction requires 
qualification, but their enthusiasm for the importance 
of this sign emphasizes an occurrence which could 
not readily have been anticipated. It is interesting 
to speculate how this sign develops. A clue may be 
provided by Case 1. In this instance it will be 
recalled that at lumbar puncture 48 hours before 
the circulatory collapse only 0-5 ml. of clear fluid 
was withdrawn. Since the fluid was uncontaminated 
by blood, it suggests that the needle point was 
correctly placed, but that the pressure was so low 
or that the fluid was so much less abundant than is 
usual that almost none could be withdrawn. The 
morning of the day of the circulatory collapse, no 
fluid could be aspirated at all but later that day, 
afier liberal intravenous fluid and after the patient’s 


blood pressure had been restored and he had passed 
urine, a lumbar puncture was successfully performed 
and 3 ml. of fluid was removed. In Case 2 the lumbar 
puncture pressure was only 40mm. H,O and in 
another post-operative case the lumbar puncture 
pressure was found to be as low as 35 mm. H,O. A 
low cerebrospinal fluid pressure does not necessarily 
accompany adrenal cortical hypofunction, but the 
cases quoted above indicate that low pressure and 
adrenal failure may be at times associated. 

That a gross reduction in the amount of intra- 
cranial cerebrospinal fluid can give rise to meningism 
is strongly suggested by the following events. 

A man aged 47 (RI 72880/55) was struck by a 
baseball on the left side of his forehead five days 
before admission to this hospital. He did not lose 
consciousness, nor did he at any time have any 
abnormal! neurological signs, but he had to attend 
a hospital in order to have a left frontal laceration 
sutured. He at once developed what was later proved 
to be left-sided cerebrospinal rhinorrhoea and that 
same evening he had a severe headache and a stiff 
neck. From the fact that he remained well for the 
next four days it is unlikely that he had any menin- 
geal infection at that stage and one may with 
reasonable certainty ascribe his neck stiffness to the 
results of the escape of the cerebrospinal fluid. With 
the brain deprived of its surrounding fluid pain- 
sensitive structures might easily become distorted 
thus providing a basis for the reflex development of 
neck stiffness. 

A pituitary tumour not infrequently extends up- 
wards to distort the third ventricle and cause inter- 
mittent hydrocephalus. This development would very 
probably be signalled by correspondingly inter- 
mittent attacks of headache and vomiting. However, 
in the presence of hypopituitarism, headache and 
vomiting may be no more than manifestations of 
adrenal cortical hypofunction and they thus may be 
corrected by replacement therapy. Rarely, in the 
presence of adrenal cortical hypofunction headache 
may result from the effects of cerebral oedema 
associated with adrenal failure. This subject has 
recently been discussed and illustrated elsewhere 
(Jefferson, 1956). 

If it be agreed that for the patient with a “ pituitary 
tumour’ hypopituitarism may be closely equated 
with adrenal cortical hypofunction, the figures 
quoted above indicate that the male suffers from this 
disability more frequently than the female. In this 
connexion the following observations are of interest. 
Greenhow (1875) collected all the described cases of 
Addison’s disease from the literature and concluded 
that this condition was “*‘ much more frequent in the 
male sex ’’’. Many years later Guttman (1930), from 
a study of the published literature, showed that when 
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tuberculosis of the suprarenals was the cause of the 
disease there were nearly three times as many males 
with Addison’s disease as there were females. 
These findings would suggest that the metabolism 
of the male is more readily disorganized by adrenal 
cortical hypofunction than is that of the female, for 
it is unlikely that the tuberculous process was more 
destructive of the suprarenal cortical tissue in the 
male sex than in the female sex. 

Occasionally, spontaneous water intoxication 
occurs in anterior pituitary hypofunction (e.g., 
Wynn and Garrod, 1955). Epilepsy is an uncommon 
accompaniment of a pituitary chromophobe 
adenoma but when it forms a troublesome feature 
of the post-operative period it is worth considering 
whether water intoxication could be contributing 
to the difficulties of control of the epilepsy. It is 
possible to say this because induced water retention 
is one of the means whereby a potentially epileptic 
lesion may be provoked into a discharge (McQuarrie 
and Peeler, 1931). Thus, if in an epileptic patient 
who may have secondary suprarenal failure, the 
metabolism of water proves to be abnormal but 
can be corrected by cortisone, then cortisone therapy 
must be included among the measures designed to 
control the epilepsy. 

Study of the clinical data of this series of cases 
emphasizes that a dry skin may be a feature of 
“hypopituitarism ”. Furthermore, Cases 1, 2, and 
3 and the suggestive evidence of Case 4 and of a 
female patient (RI 37587/45) in the series indicate 
that when a diagnosis of adrene! cortical failure can 
be entertained the finding of a dry scaling of the 
skin, particularly of the skin of the face, increases 
the likelihood of this diagnosis being correct. In 
confirmation of this observation it is interesting that 
in a paper by Aitken and Russell in 1934 one of the 
outstanding clinical features of a patient with a 
pituitary chromophobe adenoma was dry scaling 
of the facial skin. 

With regard to the incidence of rheumatism, it is 
not suggested that the presence of a pituitary tumour 
causes rheumatism, but it seems possible that 
anterior pituitary failure leading indirectly to 
lessened production of cortisone and related sub- 
stances may unmask a pre-existing tendency to 
rheumatism. Sugar (1953) also found an association 
between rheumatism and anterior pituitary failure. 

It is now generally recognized by neurological 
surgeons that the use of A.C.T.H. or of cortisone 
lessens the mortality in operations in the region 
of the pituitary gland and leads to a smoother post- 
operative phase. Convincing evidence on this point 
is provided, for example, by the papers of Ingraham, 
Matson, and McLaurin (1952) and of Tytus, Seltzer, 
and Kahn (1955). The problem now confronting 
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the neurosurgeon is whether all patients with these 
lesions should be given cortisone, and, if selective 
administration is preferred, it becomes necessary to 
be able to recognize patients who require such treat- 
ment, either to cover the operation alone, or subse- 
quently and for a longer time. It is necessary to 
stress the value of the water-loading test (repeated 
with a preceding dose of cortisone) in this class of 
patient. Moreover, experience in this Department 
suggests that in order to recognize the largest possible 
number of patients with secondary adrenal failure 
an electroencephalogram should be performed from 
time to time on patients who have had treatment for 
pituitary “‘tumours’’. This subject has been dis- 
cussed more fully elsewhere (Boselli and Jefferson, 
1957). 

The dangers of allowing adrenal cortical hypo- 
function to persist untreated are very. real, and to 
anyone who has studied a series of affected patients 
the morbidity and the mortality from this cause 
speak for themselves. 


Summary 

It is stressed that adrenal cortical failure may have 
neurological symptoms and signs among its present- 
ing features. Meningism may also occur in this 
disease. To illustrate these points two unusual cases 
of Addison’s disease are described. 

Adrenal cortical hypofunction may influence the 
presenting features of patients with “ pituitary 
tumours’. This influence may be manifest before 
visual signs have occurred, or in the early post- 
operative period, or it may make a gradual ap- 
pearance (perhaps after radiation treatment) in the 
years that follow. Illustrations of these occurrences 
are provided, and the dangerous consequences of 
failure to recognize these signs of adrenal failure are 
emphasized. 

Of 135 cases of pituitary chromophobe adenoma, 
*“ hypopituitary ’’ features (among which features, 
adrenal cortical hypofunction figures largely) were 
present in 66% of the males and in 37% of the 
females. The sex distribution between a much smaller 
group of Rathké pouch cysts (31 cases) was all but 
equal. 

The dangers of the untreated hypopituitary state 
are underlined by the fact that of 61 known eventual 
deaths in this series no fewer than 26 were considered 
to be linked with secondary suprarenal failure. 

The possible association with adrenal cortical 
hypofunction of a dry scaling skin (particularly a 
scaliness of the facial skin), of rheumatism, and of 
severe constipation is emphasized. 

The results of the biochemical investigation of 
some of these patients is briefly recounted, and the 
conclusion is drawn that when adrenal cortical 
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hypofunction may be present study of the patient’s 
capacity to excrete rapidly a “loading” dose of 
water provides both the simplest and one of the 
most sensitive indications of this dysfunction. The 
test gains in value when repeated with a preceding 
dose of cortisone, aiiu the two sets of results are 
compared. 

The improvement produced by hormone replace- 
ment therapy in a group of 17 patients all of whom 
received cortisone is briefly described. 


lam grateful to Mr. Joe Pennybacker for advice during 
the preparation of this paper. The paper was prepared 
during the author’s tenure of a Nuffield Foundation 
Fellowship. 
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Haemangioma of the vertebrae is believed to be 
extremely rare and of little clinical importance, 
because most often it is detected as an incidental 
radiological finding in patients examined for com- 
plaints thought to be related to other diseases. 
However, haemangiomata of the vertebrae have 
been found on examination in large necropsy series 
in a much larger proportion than suggested by 
clinical experience. TOpfer (1928), in Schmorl’s 
Institute, reported an incidence of haemangioma of 
11-9°% in a study of 2,154 spinal columns and later 
Junghanns (1932) found this lesion in 10% of 
10,000 necropsies. 

Since Perman (1926) emphasized the radiological 
features characteristic of haemangioma of the 
vertebrae, there has been increasing interest in this 
lesion, particularly when it was realized that it may 
be responsible for a wide variety of symptoms and 
signs ranging from tenderness and mild pain over 
the diseased vertebrae to complete transverse 
myelopathy. Furthermore, neurological disturbances 
occur more frequently in association with haeman- 
gioma of the vertebrae than appears from the 
literature, and since we started performing syste- 
matic radiological examinations in patients referred 
to our out-patient clinic for back pain we found 
haemangioma of the vertebrae in a comparatively 
short time in another three patients who were not 
admitted to hospital. 

The indications for surgical treatment of patients 
with signs of cord compression are still a matter 
of dispute. Opinion has been divided ever since 
Nattrass and Ramage (1932) and Ferber and Lampe 
(1942) insisted that radiotherapy only should be 
used in all cases of vertebral haemangioma. We 
therefore present eight cases of haemangioma of the 
vertebrae seen during the last few years in the 
Department of Neurosurgery of the Beilinson 
Hospital. 

The salient features of these patients are 
summarized in Table I. Our patients experienced 
various back, shoulder, arm, chest, abdominal, and 
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sciatic pains. Some were thought to have cardiac, 
joint, or abdominal disease. Others exhibited 
neurological disturbances. 


The Two Clinical Groups 


In accordance with the manifestations, patients 
with symptomatic haemangioma of the vertebrae 
are classified into two clinical groups: (1) Patients 
with symptoms only; (2) patients showing signs of 
root and/or spinal cord compression in addition 
to their complaints. 


Group 1.—Tenderness or pain are the leading 
symptoms of this group, in most cases probably 
directly attributable to irritation by the lesion or the 
innervation of the bone itself; however, they may 
also be early manifestations of root involvement. 

Tenderness over the diseased vertebra may be 
spontaneous or elicited on palpation, percussion, 
or movement. This complaint is far from being 
characteristic of the lesion but whenever encountered 
radiographs of the region should be taken. 

Pain may be spontaneous or elicited; it may be 
localized or diffuse, continuous, or, more often, 
remittent; it may be mild or very severe. Sometimes 
the pain has a radicular distribution. 

The symptoms depend on the level of the bone 
lesion. Patients with cervico-dorsal lesions may 
complain of stiff neck, suboccipital pain, pain in the 
arms and in the praecordial region. Most often, 
however, a manifesting haemangioma of the verte- 
brae is found in the dorsal spine and then the 
common symptoms are of intercostal neuralgia, 
abdominal or back pain. Low back and sciatic 
pain, sacralgia, and pain radiating to the inguinal 
region are seen in thoraco-lumbar and lumbar 
lesions. It is significant that in quite a number of 
patients, whose complaints had been labelled for a 
long time as nephrolithiasis, gastric or duodenal 
ulcer, pancreatitis and cholelithiasis, haemangioma 
of the dorsolumbar vertebrae was found on radio- 
logical examination. Improvement or recovery 
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TABLE I 


CLASSIFICATION OF EIGHT PATIENTS WITH HAEMANGIOMA OF THE VERTEBRAE WITH 
NEUROLOGICAL MANIFESTATIONS 





X-ray 
Diagnosis | 


si ta 
Sex| Age | Main Clinical 


| 
| 
Features 


| Duration Various Clinical 
of | Diagnoses before 
| Symptoms Admission 


Group |: Patients with Symptoms Only | 
1 M | Attacks of low ab- | 1} years 
dominal pain, right 
flank and right in- | 
| guinal region 
Later, low back pain 
48 Attacks of abdominal 
pain, later low back 
and sciatic pain. | 
Gradual aggrava- | 
| tion with remissions 
45 | Attacksofrightflank, | 
abdominal, right | 
thoracic pain. Pro- 
tracted course with | 
remissions 


Series Treatment 
No. 





| Nephrolithiasis 
| Lumbar interverte- | 
bral disc 


| X-ray irradia- | Good; free from pain 


tion 


10 years | Nephrolithiasis Negative | 
Cholelithiasis 
Multiple disc lesions | 
Prolapsed interverte- 

| bral disc 

Nephrolithiasis 

| Chronic pancreatitis 

| Duodenal ulcer 
Intercostal neuralgia 


X-ray irradia- 
tion 


Good; free from pain 


| X-ray irradia- | al- 


tion 


11 years Unsatisfactory ; 
though much im- 
proved, she _ still 
complains of diffuse 
| | pain 3 years after 
first course of radio- 
| therapy 


| Negative 


| 
wa 





Group i: Patients with S Signs of Root and Spinal Cord Compression } 
4 M as | Progressive spastic | 12 years Spinal tumour, mye- | | Negative | 


Treatment 
paraparesis with lography negative 


completed 


X-ray irradia- 
tion for the 


not yet 


distur- 


sensory 
bances; back and 
right sciatic pain. 
Condition stable for 
the last 8 years 


| Snsidious onset with 
weakness of right 
leg, gradual aggra- 


vation with remis- | 


1} years 


12 years ago, disc 
lesions — orthopae- 
dic treatment. 
Myocardial infarc- 
tion 8 years ago 
Multiple sclerosis 
Multiple sclerosis 
Spinal tumour 
Haemangioma of the 
vertebrae 


first time after 
present 
examination 
and diagno- 
sis (1956) 


Laminectomy 


| X-ray irradia- 


tion 


| Satisfactory; 


no fur- 
ther progress of 
neurological disable- 
ment observed after 


sions. Since 4) 
months marked | 
paraparesis with | ferred for radio- 
sensory and sphinc- therapy on August 8, 
ter disturbances 1956 
Sudden onset during Neurological distur- | | Complete | Laminectomy | Excellent; 
sleep, paraplegia, bances due to preg- | stop X-ray irradia- | recovery 
level of loss of sen- | nancy. Transverse | tion 
sation and double myelopathy due to 
sphincter inconti- acute compression | 
| nence of the spinal cord | | 
| Insidious onset and Lateral sclerosis Complete | 
| gradual deteriora- stop 
tion without remis- 
sions: puraparesis | 
and sphincter dis- | 
turbances 


operation. Gait 
more stable. Re- 





complete 


Laminectomy | 
(removal of 
subperiostal 
haemangio- 


Excellent; complete 


recovery 


| X-ray irradia- 
tion 


| 
| 
| 
| 
ma) 
| 
Laminectomies| Very good: except for 


Complete 
stops at x1 D, and | 
D,; and L,- 

L, Xiay "irradia- 
| tion 


| 
Insidious onset but | 5 months | 
rapid progression, 
spastic paraparesis, 
sphincter distur- 
bances, and impo- | 
tence 


Spinal tumour 
some weakness of 
right foot, no com- 
plaints. Returned to 
physical labour 





from the pain after irradation of the bone lesion cholelithiasis was made and the patient was treated 


provides, in these patients, convincing proof that 
haemangioma of the vertebrae was the offender. 


Case 1.—A 48-year-old woman complained for 10 years 
of severe epigastric pain radiating to the inguinal regions, 
together with nausea and vomiting at their peak. At the 
Onset complaints were localized on the right side only. 
She had been in hospital and treated for nephrolithiasis 
for two months. However, no radiological or laboratory 
evidence of renal or ureteral calculi was found. After a 
remission of one and a half years she again developed 
severe epigastric pain radiating now to both inguinal 
regions. On admission to hospital again, although the 
ch langiogram was negative, a tentative diagnosis of 


accordingly. She was reported much improved on 
discharge from hospital. Until five years before admission 
to our department she was not severely ill, but nonethe- 
less she suffered occasionally mild to moderate discom- 
fort localized in the region of the xyphoid process and 
the epigastrium. Five years before admission she again 
had a severe attack of abdominal pain radiating to 
the back. 

Three years ago, on re-examination for similar com- 
plaints, spondylo-arthritic degeneration of the dorso- 
lumbar spine and mild scoliosis were found. Ortho- 
paedic treatment was instituted. Since then she had 
symptoms only after effort. One month before admission 
the patient was suddenly taken with very severe abdominal 
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and low back pain, referred along the right sciatic nerve. 
She was admitted to the Department of Neurosurgery on 
January 2, 1955, with the provisional diagnosis of multi- 
ple disc lesions with, possibly, a prolapse in the lumbar 
region. 

On admission, the physical examination showed mild 
tenderness on palpation over the low dorsal and upper 
lumbar spine. The overlying skin appeared normal. The 
neurological examination was entirely negative. The 
cardiovascular system, the lungs, and abdomen showed 
no abnormalities. The blood pressure was 140/95 mm. 
Hg. Routine laboratory investigations were normal. The 
blood sedimentation rate was 7/14 mm. in one hour 
(Westergren). Radiographs of the dorso-lumbar spine 
disclosed slight scoliosis and spondylo-arthritis. The 
eleventh dorsal and the second lumbar vertebral bodies 
had a reticular appearance with the paralleling and 
hypertrophy of vertical trabeculae pathognomonic for 
haemangioma. 

On lumbar puncture, the cerebrospinal fluid was clear 
and normal in every respect. The jugular compression 
test was negative. The patient was discharged on 
January 10 and referred for x-ray irradiation centred on 
the diseased vertebrae. She was seen in the out-patient 
clinic after the completion of radiotherapy. Until 
examined, for the last time, one year later she had been 
entirely free of complaints. 


This case illustrates symptomatic haemangioma 
of the spine with subjective complaints only. 
Nephrolithiasis, cholelithiasis, and, finally, spondylo- 
arthritis with disc prolapse were successively 
diagnosed over a period of 10 years. The course of 
the illness was characterized by remissions but with 
a general trend towards aggravation. There was 
noticeable improvement after radiotherapy and the 
pain disappeared. 


Group 2.—The second group comprises patients 
exhibitizg symptoms and signs of root or spinal 
cord compression or of both. At the onset there 
may be only tenderness or pain as in the first group, 
neurological signs developing later with the growth 
of the lesion. However, in most patients of this 
group, the onset of motor weakness of the legs with 
paraesthesiae is insidious, and, later on, ascending 
neurological disturbances develop. The latter 
may be gradual and slow or dramatic. Sphincter 
disturbances and impotence are usually seen in more 
advanced stages of cord compression but they may 
appear early. Predominant involvement of the 
lateral and, less frequently, of the dorsal columns 
of the spinal cord is characteristic. Such a distribu- 
tion of cord lesions does not depend solely on direct 
compression but is probably due to stress forces 
exerted on the lateral columns of the cord resulting 
from stretching of the anchoring dentate ligaments 
by the backward pressure on the cord (Kahn, 1947). 
In some cases complete transverse myelopathy 
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develops with paraplegia and double sphincter 
incontinence. 


Case 2.—A 20-year-old woman was admitted ‘o the 
Neurosurgical Department of the Beilinson Hospital on 
August 3, 1951, with the diagnosis of tumour of the 
spinal cord. 

She had been entirely healthy until July 20, 1951, when 
she awoke during the night with lancinating pain and 
discovered that both her legs were paralysed. Four 
days later (July 24, 1951) she was delivered of a normal 
child. When admitted to the medical department of 
another hospital (July 29, 1951), flaccid paraplegia, 
double sphincter incontinence, and anaesthesia from the 
D12 dermatome downwards were found. A _ lumbar 
puncture was done and complete blockage of the sub- 
arachnoid space was found on the jugular compression 
test. The Pandy reaction was positive, cells 10/3, protein 
150 mg. %%. Radiographs of the spine had not been taken. 

On admission to our department (August 3, 1951), the 
examination showed neurological signs of transverse 
myelopathy at the level D12 as detailed above. The 
general examination was negative. The blood pressure 

































































































Fic. 1.—Antero-posterior view of the dorsal spine, showing the 
net-like reticular aspect, with hypertrophy of vertical trabeculae 
of D,,, characteristic of haemangioma of the vertebrae. The 
concave borders of the vertebral body are lost; the pedicles are 
hardly recognizable. 
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Fic. 2.—Lateral view of the spine, showing vertical trabeculation of 
the body, its posterior border bulging into the spinal canal; the 
pedicles and arches are involved in the lesion. 


was 100/70 mm. Hg. The blood sedimentation rate was 
24/75mm. in one hour. Other routine laboratory 
examinations were normal. 

X-ray films of the dorsal spine showed a reticular 
appearance with gross trabeculation and expansion of the 
contours of the eleventh dorsal vertebra, typical of 
haemangioma (Fig. 1). The pedicles and the laminae 
were involved by the lesion as seen on lateral views 
(Fig. 2). There was a complete stop at the level of the 
bone lesion on myelography (August 4, 1951). 

At operation on the same day (laminectomy D10-D12), 
there was profuse bleeding on removing the spinous 
processes and the arches. Bleeding was controlled with 
beeswax. On completion of the laminectomy, the cord, 
which was slightly humped over the bulging posterior 
surface of the vertebra, recovered normal pulsation. 
Histological examination of the removed bone showed a 
haemangioma of the vertebra (Prof. J. Casper). 

The post-operative course was uneventful. The patient 
was ambulatory on the thirteenth day after operation 
(August 18, 1951); however, she needed support in daily 
walking practice. She was referred for radiotherapy on 
Sepiomber 9, 1951. 

Tie patient came periodically to the out-patient clinic; 
800. progress was noted and when seen for the last time 
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in 1953 she was leading a normal life and the neuro- 
logical examination was negative. 


In this case of vertebral haemangioma in a 
pregnant woman, signs of transverse myelopathy 
developed suddenly four days before delivery. 

Massive neurological disturbances of sudden 
onset are certainly an unusual development in 
haemangioma of the vertebrae. Collapse of the 
vertebral body due to destruction by haemangioma 
is rare (Bell, 1955). 

Neurological signs progressed slowly in reported 
cases with collapse of the vertebral body due to 
haemangioma: over a period of 16 years in Muth- 
man’s case (quoted by Bell, -1955), eight years in 
Sandahl’s (quoted by Bell, 1955), one year in that re- 
ported by Globus and Doshay (1929), and more than 
six months in Bell’s (1955) patient. But if the rich 
vascularity of the lesion is borne in mind the opera- 
tive mechanisms of acute cord compression in hae- 
mangioma of the vertebrae becomes intelligible. 
Vascular lesions, and in particular those located with- 
in the spinal canal or protruding into it, are bound 
to produce severe disturbances when they suddenly 
increase in size. Moreover, it is known that signs 


became aggravated during the night in intraspinal 
space-occupying lesions due to physiological venous 
stasis and congestion of the epidural spinal venous 
plexus during sleep. Congestion is further enhanced 


by increased blood volume and raised intra- 
abdominal pressure in advanced pregnancy, and 
these factors probably favoured the sudden onset of 
acute cord compression during sleep in Case 2. 


Case 3.—A 65-year-old woman was admitted to the 
Department of Neurosurgery on September 22, 1952, for 
operation on a suspected tumour of the mid-thoracic 
spinal cord. 

Her complaints had started one and a half years before 
admission with weakness of the right leg. She tired 
easily and needed support for walking. Six months before 
she experienced numbness and pricking of the right sole, 
later involving the right foot and then the other leg in 
the same sequence. A month later she noticed that she 
did not feel her stockings, she “ walked on wool’”’. 
Ascending disturbances of sensation developed gradually 
with advancing paraparesis. A week before admission 
she complained of severe back pain and difficulty in 
urination. 

Neurological examination on admission showed 
spastic paraparesis, more pronounced on the right side 
with hyperactive tendon jerks, right ankle clonus, and 
bilateral Babinski signs. Hypoaesthesia for light touch, 
cold and heat, hypalgesia, and loss of position sense were 
found from the D6 dermatome increasing downwards. 
Anaesthesia and analgesia of the soles and lateral sides 
of both feet were noted and there was hyperalgesia and 
hyperaesthesia in a zone corresponding to D5-D6. 
Physical and routine laboratory examinations were 
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Fic. 3.—Surgical specimen of subperiostal haemangioma measuring 
2—23 cm. 


negative. The blood pressure was 160/100 mm. Hg. 
The blood sedimentation rate was 10/16 mm. (Wester- 
gren). On lumbar puncture, clear cerebrospinal 
fluid under normal tension was obtained. The Pandy 
reaction was negative, cells 4/3, protein 28 mg. and 
glucose 65 mg. per 100 ml. The Mastix and Kahn tests 
were negative. The jugular compression test showed a 
slow elevation and a retarded drop of the cerebrospinal 
fluid column suggestive of incomplete obstruction of the 
subarachnoid space. 

Straight radiographs of the spine disclosed slight 
trabeculation of the fifth vertebral body; its contour, 
however, was normal. The pedicles and the laminae 
appeared normal. A tentative diagnosis of haemangioma 
of the vertebrae was proposed but the possibility of a 
coexistent intraspinal tumour was entertained. Myelo- 
graphy (October 2, 1952) showed a complete stop at DS. 
At operation on the same day (laminectomy D4-D6), the 
exposed spinal cord bulged over a dark, red-bluish 
epidural mass protruding from the posterior surface of 
the fifth dorsal vertebrae. The tumour was well delineated, 
friable, and bled profusely when incised. After carcful 
lateral retraction of the cord the tumour was easily 
removed. There was severe bleeding which was con- 
trolled with bone wax. The mass measured 2 to 24 cm. 
(Fig. 3). Histologically (Prof. H. Casper) it showed the 
structure of a haemangioma. 

The post-operative course was uneventful. The patient 
was discharged from hospital on October 17, 1952, and 
referred for radiotherapy. She was seen for the last time 
in the out-patient clinic in 1954 when the neurological 
examination was negative, except for slight hypoaesthesia 
of the right foot. 


The gradual progression of signs, without remis- 
sion, in this case was suggestive of a spinal tumour. 
On operation an intraspinal subperiostal haeman- 
gioma was found. A subperiostal haemangioma of 
the vertebrae may attain relatively large proportions 
before causing radiologically recognizable alteration 
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of the vertebral structure. In such cases intraspinal 
tumour is diagnosed and after positive myelography 
surgery is invariably undertaken. Globus and 
Doshay (1929) and later Karshner, Rand, and 
Reeves (1939), who added another case to the 
previously reported 10 such cases treated surgically, 
emphasized the most promising results from opera- 
tion on haemangioma of the vertebrae in this 
location. 


Case 4.—A 39-year-old male manual worker was 
admitted to the Department of Neurosurgery on 
January 13, 1955, with the diagnosis of spinal tumour. 

He had been entirely well until five months before 
admission to hospital, when he experienced numbness of 
the right foot. He massaged his leg because it “ felt 
frozen”. A few days later dysaesthesiae and weakness 
developed in both legs; these complaints became gradu- 
ally worse and after a week he began to suffer back pain 
and right sciatic pain. Walking became unsteady and 
he could not climb stairs. Two months before admission 
he developed sphincter disturbances with difficulty on 
urination and he became impotent. 





Fic. 4.—Antero-posterior view of the spine. Vertical trabeculation 
and “ expanding ” of the D,, D,, D;, and D, vertebral bodies 
is visible. Note the “‘ spindle-shaped ” dense shadow around D,, 
radiologically suggesting a cold abscess. 
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The physical examination showed spastic paraparesis 
with hyperactive tendon reflexes, except for an absent 
right patellar reflex ; bilateral Babinski’s sign and bilateral 
ankle clonus were noted but the abdominal reflexes were 
not diminished and they were equal. Superficial sensation 
for light touch, cold and heat, and pin prick was 
diminished from D7 downwards. There was almost 
complete loss of superficial and deep sensation correspond- 
ing to L2, L3, and L4, and associated muscle weakness 
and noticeable wasting of the muscles of the thigh. The 
patient’s gait was spastic and ataxic. The general 
examination did not reveal any abnormality. The blood 
pressure was 140/70mm. Hg. Routine laboratory 
examinations gave normal results. The cerebrospinal 
fluid was slightly xanthochromic, and tension was low. 
The Pandy test was positive, cells 28/3 (lymphocytes), 
protein 110 mg. per 100 ml.; Mastix and Kahn tests were 
negative. Straight x-ray films showed scoliosis of the 
dorso-lumbar spine with gross modifications of D3, D4, 
D5, D8, and L2 vertebrae, typical for haemangioma. In 
addition a spindle-shaped dense shadow around the eighth 
dorsal vertebra was seen. This finding seemed suggestive 
of a cold abscess (Fig. 4). However, the intervertebral 
discs appeared intact and there were no historical, clinical, 
or radiological data supporting the diagnosis of tuber- 
culosis. A complete stop at the level of the second 
lumbar vertebra was demonstrated on lumbar mye- 
lography. A lesion at that level could account for the 
radicular syndrome of the right leg, and possibly for the 
sphincter and sexual disturbances, but it did not explain 
the complete neurological picture, so myelography by 
the cisternal route was supplemented. This showed 
another stop, in the standing position, at D4. 

Decompressive laminectomy was performed at both 
levels on the same day: first D2-D6 and then LI1-L3. 
There was severe bleeding and haemostasis took time. 
The spinal canal was inspected after complete control 
of the bleeding. The cord, which was paler than normal 
aud slightly humped at the upper operation site, recovered 
normal pulsation. 

The post-operative course was uneventful. The neuro- 
logical disturbances gradually became less severe. The 
level of sensory impairment receded to D9. From the 
eleventh day after operation the patient walked with 
support and did not complain about pain. The control 
myelographic examination performed in view of the 
lesion at D8, showed freely flowing contrast medium along 
the length of the spinal canal. The patient was discharged 
16 days after operation for x-ray irradiation centred on 
both operative fields and on the eighth dorsal vertebra. 
He was periodically re-examined in the out-patient 
clinic. One year after operation his gait was steady 
without support, the reflexes were still active, but he 
was free from pain and had resumed his former occu- 
pation. 


In this case of multiple haemangioma of the 
spinal column (D3, D4, DS, D8, L2), there developed 
progressive neurological manifestations of rather 
Short duration. Bailey and Bucy (1929) and 
Schlezinger and Ungar (1939) pointed out that 
involvement of the pedicles and the arches by the 
4 
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lesion is responsible for the greater incidence and 
earlier onset of neurological disturbances. Although 
in the present case the arches and the pedicles of the 
vertebrae were noticeably involved, neurological 
disturbances seem to have developed in a rather 
advanced stage of the process. In view of the 
extensive osseous lesions the manifestations in this 
case were unimpressive when compared to those in 
Case 7, and in particular, with the dramatic onset 
and massive neurological picture in Case 6 
(Table JD. 

The radiological finding of a spindle-shaped 
shadow around the eighth dorsal vertebra is of 
interest. The haemangioma had obviously extended 
to the paravertebral soft tissues, thus giving the 
radiological picture of a cold abscess. Brobeck 
(1950) reported that a similar finding was en- 
countered in Sheid and Buckhardt’s case. However, 
as pointed out, the lack of involvement of inter- 
vertebral joints should help to differentiate the 
lesion from suspected tuberculosis of the spine. 


Discussion 

Among the haemangiomata, those arising in 
proximity to the central nervous system, that is, 
within the cranial cavity or in the spinal canal, are 
of special importance. It is easy to understand that 
severe disturbances may result from an even rela- 
tively slight constriction of the lumen of the spinal 
canal. Haemangiomata of the skin, the liver, and 
the spleen, for instance, may attain enormous 
proportions without causing serious functional 
damage, while a small haemangioma, either by 
compressing the spinal cord or through secondary 
vascular disturbances, may bring about serious 
neurological disability. 

Haemangiomata of the vertebrae are benign, 
expansive, dark red vascular growths. They are 
made up of cavities which may form cavernous 
bodies when sufficiently large. The cavities are lined 
with endothelial cells. The haemangioma does not 
metastatize, but with growth it displaces the normal 
bone marrow, which partially degenerates into 
fatty tissue. Most often it involves the vertebral 
body, but it may also spread to the pedicles and the 
arch (Cases 4, 6, 8 in Table I). The lesion may 
develop initially in the arch, the pedicle, and the 
spinous process; it may infiltrate the paravertebral 
soft tissues (Case 8); it may finally erupt into the 
spinal canal developing subperiostally (Case 7). 
Brobeck (1950) cites the case of Jacobovici in which 
the angioma spread into the soft tissues of the back 
in the form of a prominent pulsating subcutanous 
growth. In the course of its development the 
haemangioma erodes the bony trabeculae of the 
spongiosa. Additional changes in the cancellous 
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bone are produced by ischaemia due to stasis and 
thrombosis in the large channels and cavities of the 
vascular lesion. Local ischaemia is known to cause 
osteolytic and secondary reparatory, osteoblastic 
activity in the bone. 

The structure and pattern of bone depend in part 
on its vascularization. As long ago as 1905 Gerb- 
hardt considered that the architecture of bone is 
largely determined by its vascular system. Weiden- 
reich (1923), quoted by Trueta (1956), noticed that 
the lamellae of cancellous bone are always arranged 
around spaces containing vessels and follow their 
direction. Recently Trueta (1956), in research on 
osteoarthritis, has found suggestive evidence that 
realignment of the trabecular pattern is also deter- 
mined by the ability of the spongiosa to orientate its 
trabeculae along the lines of forces of tension and 
pressure. It seems, therefore, that the force of 
gravitation acting in man, in the erect position, is 
responsible for buttressing the vertical trabeculae 
in haemangioma of the vertebrae, which in their turn 
are responsible for the pathognomonic “ vertical 
trabeculation ” seen on radiological examination. 
It is understandable, moreover, that the load- 
supporting dorsal and, particularly, lumbar, verte- 
brae undergo more readily these specific modifica- 
tions. On the other hand, in haemangioma of the 
cervical vertebrae, where the call for vertical but- 
tressing is less, as well as in the pedicles, the arches, 
and the spinous processes of the vertebrae, whose 
main function is not to bear weight, the pattern of 
rearrangement is manifested on the x-ray plate as 
the “soap-bubble effect” or the “ sun-burst ” 
trabeculation, radiating from a common centre. 

The tendency of haemangioma to occur in the 
vertebrae more often than in other sites of the body 
is believed to be related to the extensive venous 
plexus in the mesenchymal tissue of the embryo, 
which later form the vertebral column. Hanson 
(1926) poirited out that the frequent occurrence of 
congenital haemangiomatous new growths may be 
expected to result from the extremely rich venous 
plexuses of the embryo. Its remnants in the adult 
vertebra have been demonstrated in the form of 
canals traversing the vertebral body, visible on 
radiography during the first two decades of life. 
Similarly, the rich venous network of the diploe is 
considered a reasonable explanation for the not 
infrequent occurrence of haemangioma of the skull 
(Schlezinger and Ungar, 1939). 

The majority of the growths were situated in the 
dorsal column (Table I). The site of predilection 
of the lesion in cases complicated by neurological 
disturbances was mid- and lower dorsal and in the 
higher lumbar regions in this series, whereas Globus 
and Doshay (1929), Schlezinger and Ungar (1939), 


and Ghormley and Adson (1944) pointed to the 
mid-dorsal (D3-D5) location of haemangioma as 
more likely to produce neurological manifestations, 
Lumbar haemangioma of the vertebra is more often 
seen in asymptomatic cases. Involvement of the 
cervical column seems to be rare. Junghanns (1932) 
reported an incidence in women of haemangioma 
of the spine of 12°5° as compared with 8-9 % in men, 
The age incidence on diagnosis ranges from puberty 
to a fairly advanced age, as, for example, 65 years 
in Case 7. Brobeck (1950) cites Zdansky for having 
reported the oldest patient, 64 years of age. Although 
the overall incidence of haemangioma of the 
vertebrae was found to be below 5% in persons less 
than 30 years old, approximately 50% of the cases, 
which were accompanied by neurological distur- 
bances referable to compression myelopathy, 
occurred in the lower age group (Schlezinger and 
Ungar, i939). In our material the youngest patient 
was aged 20 (Case 6). The average age incidence 
of 43 years in the present series places them in the 
older age group, in disagreement with the accepted 
belief that severe neurological complications occur 
mostly in younger patients. 

Of great diagnostic value is the radiological 
examination of the clinically suspected region of the 
spine. However, x-ray examination of the entire 
skeletal system is highly recommended in such cases. 
Perman (1926), Bailey and Bucy (1929), and Bucy 
and Capp (1930) described the radiological features 
of haemangiomata of the vertebrae, characterized 
by reduction of bone density between denser 
hypertrophied vertical trabeculae. Perman (1926) 
maintained that the radiological picture is patho- 
gnomonic of the disease. However, infrequently the 
radiological findings may raise diagnostic difficulties. 
In Case 8, for example, the spindle-shaped delineated 
shadow, due to the spread of the lesion in the 
paravertebral tissues, was similar to the picture seen 
in Pott’s disease and suggested the presence of a 
paravertebral cold abscess. Osseous lesions en- 
countered in malignant tumour metastases, giant 
cell tumour, osseous lymphogranulomatosis, myelo- 
matosis, Kiimmel’s and von Recklinghausen’s 
diseases may lead to diagnostic difficulties. 

It should be pointed out that two cases from this 
hospital of haemangioma of the vertebra with symp- 
toms only were treated erroneously for perforated 
duodenal ulcer and for chronic pancreatitis. In both 
patients haemangioma of the vertebrae was later 
found incidentally on abdominal radiological 
examination. 

The neurological manifestations due to compres- 
sion myelopathy caused by haemangioma of the 
vertebrae are comparable, generally with those 
produced by any other type of extradural tumour, 
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although Ghormley and Adson (1944) maintained 
that they “ probably resemble more the symptoms 
produced by a metastatic lesion of the spinal cord ”’. 
Bilateral neurological signs were reported as a 
regular feature resulting from the almost symmetrical 
involvement of the cord by the lesion (Schlezinger 
and Ungar, 1939). This is not verified in our series. 
The neurological manifestations in the early stage 
of the disease were invariably unilateral except in 
the patient with a sudden onset of paraplegia 
(Case 6). 

A clinical course with remission of neurological 
manifestations is characteristic for vascular lesions. 
Alpers and Pancoast (1932) report a case of hae- 
mangioma with varying symptomatology in which 
subarachnoidal block, demonstrated at first by 
Queckenstedt’s test, could not be confirmed on a 
second examination. This would suggest the possi- 
bility that there may be a certain amount of expansion 
of the haemangioma due to filling of the blood spaces. 
Such an explanation seems acceptable in the case 
of a subperiostal growth of the lesion. However, 
considering the rigid bony structure confining the 
lesion when it is within the vertebral body, variations 
in symptoms during the course of the disease are 
more likely to be related to venous stasis and 
congestion of the epidural venous plexus, and sub- 
sequent disturbance in cerebrospinal fluid circulation. 


The problem of the correct treatment of patients 
exhibiting neurological disturbances due to haeman- 
gioma of the vertebrae is still unsettled. Bailey and 
Bucy in 1929 clearly stated that the only treatment 
of any avail in this disease when there are signs of 
compression of the spinal cord is laminectomy. They 
advised radiation of the lesion only after decom- 
pression of the cord. They pointed out that the 
operation is difficult and may be fatal on account 
of uncontrollable bleeding. 


In view of the danger involved in surgery and the 
reported high mortality rate (20-25%), Nattrass 
and Ramage (1932), Ferber and Lampe (1942), 
Lindqvist (1951), and others have employed deep 
x-ray therapy as the “ primary and sole method of 
treatment’. Although the value of radiotherapy 
has been conclusively demonstrated in haeman- 
gioma of the vertebrae, one cannot easily be recon- 
ciled with such an attitude when the cord is com- 
pressed. The use of radiotherapy alone in such cases 
seems not only inadequate, as control radiographs 
show little or no demonstrable improvement in 
the bony lesion, but it is hazardous to the patient 
because the cord may be irreparably damaged before 
any beneficial effect from irradiation can be antici- 
pated, 


In cases where the haemangioma has not spread 


to the arches and the spinous process the operative 
procedure itself does not carry undue risks. The 
possibility of such a spread should be judiciously 
evaluated before operation. Experience has shown 
that with modern anti-shock and blood replacement 
therapy, the surgery of haemangioma of the verte- 
brae is relatively safe. Decompressive laminectomy 
was carried out by us five times in four patients, 
one of whom (Case 8) was operated on at two sites, 
dorsal and lumbar, at the same session without ill 
effect. There was no mortality and none of the 
patients were shocked. The post-operative course 
was uneventful and the patients were ambulatory 
in the third week after operation. The end-results 
were good (Table I). 

In conclusion we favour the following attitude 
towards patients with symptomatic haemangioma of 
the vertebrae: 


(1) Patients with only subjective complaints 


should be irradiated. 


(2) Patients exhibiting neurological signs only of 
root compression should be irradiated. 


(3) Patients exhibiting progressive neurological 
signs of cord compression should undergo mye- 
lography. In the presence of a block of the sub- 
arachnoid space, immediate decompressive laminec- 
tomy should be carried out, supplemented by 
radiotherapy. 


Summary 


Eight cases of haemangioma of the vertebrae with 
neurological manifestations were observed in a 
period of six years. Four of these are presented in 
detail. The cases are classified into two main 
clinical groups: those with symptoms only and those 
with objective neurological signs. 

In the first group, root involvement is held 
responsible for a variety of complaints which often 
simulated acute or chronic medical and surgical 
conditions. In these patients haemangioma of the 
vertebrae was incidentally. discovered on radio- 
logical examination. Improv2ment after radiotherapy 
supported the diagnosis of symptomatic haeman- 
gioma of the vertebrae. 

The second group of patients exhibited objective 
neurological signs of root lesion or of cord com- 
pression. Five examples of spinal cord compression 
due to haemangioma of the vertebrae are given. 
Four of these were operated on after myelographic 
confirmation. 

The authors believe that the neurological com- 
plications are not due solely to compression but 
are enhanced by congestion, bleeding, thrombosis 
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within the lesion in combination with stasis of 
blood flow in the epidural venous plexus, and 
secondary disturbances of the cerebrospinal fluid 
circulation. Aggravation of the clinical manifesta- 
tions may be favoured by various factors. Endocrine 
disturbances and elevated intra-abdominal pressure 
in advanced pregnancy, together with physiological 
nocturnal venous stasis, are believed to have con- 
tributed in one case to the sudden onset of paraplegia. 

The authors rally to the opinion that operation is 
the treatment of choice in cases of haemangioma 
of the vertebrae with myelographic confirmation of 
compression of the cord. Decompressive laminec- 
tomy should be supplemented by radiotherapy. 
Surgery in the hands of the authors carried no 
mortality. 
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RAPIDLY PROGRESSING DEMENTIA IN DISSEMINATED 
SCLEROSIS 


BY 


J. D. BERGIN 
From the National Hospital, Queen Square, London, W.C./ 


The mental and emotional changes associated 
with disseminated sclerosis have been known for 
almost as long as the disease has been recognized. 
All comprehensive reviews of this condition refer 
initially to Carswell’s (1838) pathological specimen 
clearly showing the plaques of sclerosis and Cruv- 
heilier’s description of symptoms relating to one of 
his cases in his Atlas of Pathological Anatomy, 
published between 1835 and 1842, this being con- 
sidered the earliest overall account of the disease. 
Ombredane (1929) points out that two patients 
. described by Cruvheilier had ‘* psychic abnormali- 
ties’. One was pictured as at times “ seized with 
emotion difficult to describe ’’ and to have “* blushed 
and laughed and wept” as the examiner spoke to 
her, and the other was noted for impaired intelli- 
gence. In the pair there is an example of each of the 
two main psychological changes which have been 
stressed in subsequent accounts, namely, intellectual 
impairment and defective emotional control. Valen- 
tiner (1856) also described two cases with mental 
change and collected 13 from the literature. He 
remarked on the constancy of such changes when 
the brain was massively affected in disseminated 
sclerosis. Charcot (1868), whose classical description 
has led to the belief that it was the first account of 
disseminated sclerosis, delineated in his detailed 
study of the pathological anatomy and sympto- 
matology the mental symptoms which might occur. 
He pictured the temperament of sufferers as cheerful 
and optimistic, stated that their emotional faculties 
were blunted, and noted intellectual impairment 
which particularly took the form of defective 
memory. He also discussed the mental symptoms 
in relationship to differentiation from dementia 
paralytica. Vulpian (1886) commented that although 
mental symptoms occurred, these were infrequent 
even in the cerebrospinal form, and much of the 
psychological disorder he attributed to the reaction 
any normal person would show to the disability 
accompanying the disease. He spoke, however, of 
‘ weakness of the memory, darkening of the intelli- 
gence, and sadness of the face’’. He stressed the 


rarity of mental symptoms, especially those gross 
enough to be confused with general paresis, and the 
late stage in the illness at which they occurred. 

Some early accounts were confined to pointing 
the similarity of mental changes in disseminated 
sclerosis to those seen in general paresis, and Howes 
in 1927 found 25 reports of this nature in the 
literature. Guillain (1924), however, had already 
pointed out that cases of this type were all described 
before the introduction of either the lumbar puncture 
or the serological tests for syphilis, and Brain (1930) 
also drew attention to this at a later date. 

Other early work mainly from French and German 
sources dealt with the psychological changes as a 
particular feature in disseminated sclerosis quite 
apart from any confusion with or differentiation 
from general paresis. Sugar and Nadell (1943) 
reviewed the literature and listed the great variety 
of symptom complexes which had been described, 
including dementia, emotional changes, psychoses, 
anxiety states, and hysteria. 

Others, writing on the total picture of disseminated 
sclerosis without special consideration of mental 
features, have yet included reference to psycho- 
logical changes. Thus Wechsler (1922) made a 
statistical survey of symptoms and signs in dis- 
seminated sclerosis. Among 191 cases mild memory 
defect and emotional change were frequent, impul- 
sive laughter and euphoria were occasional, and 
marked dementia was rare. Brain (1930) in his 
comprehensive review of the whole subject pointed 
out that the mental symptomatology had received 
inadequate attention. He quoted the conclusion of 
the American Association for Research into Nervous 
and Mental Diseases (1921) that no particular psychic 
disorder is characteristic of disseminated sclerosis, 
but emphasized the subsequer.t findings of Cottrell 
and Wilson (1926) who observed some psychic 
disorder in all their patients. Sachs and Frieaman 
(1922) reported 141 cases, commenting on the great 
variability in the incidence of symptoms generally 
in earlier accounts. They found mental changes 
in 156%. 
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From the reports already considered it is clear 
that there has been much variation in opinion about 
the nature and particularly about the incidence of 
mental symptoms in disseminated sclerosis. Objec- 
tive evidence of psychological defect developing 
during the course of the disease has, however, been 
provided by the application of psychometric tests 
during the course of the disease. Studies of this 
nature have been conducted by Canter (1951), by 
Pratt (1951), and by Ross and Reitan (1955). 
Canter’s report is of interest because 23 of his 47 
patients had previously had the U.S. Army General 
Classification test and by repeating it he showed the 
deterioration which had occurred after the onset 
of the illness in these cases. 

It is intended here to describe a case of catas- 
trophic dementia due to a cerebral disorder proved 
to be disseminated sclerosis, and a second case with 
similar clinical features in which post-mortem con- 
firmation was not available. 


Case Reports 


Case 1.—This patient, D. M. (N.H. 48733), an un- 
married woman aged 32, was admitted to the National 
Hospital, Queen Square, under the care of Sir Charles 
Symonds on January 13, 1954, and died in the mental 
observation ward of another hospital on March 31. 
There was no family history of nervous or mental illness. 

In November, 1952, at the age of 30, she had become 
aware of mistiness of vision in the right eye and found 
herself unable to see objects closely and there was an 
aching pain behind the eye. She remarked that red 
objects were particularly indistinct and that she had 
difficulty in recognizing the colours of the traffic lights. 
She attended the Royal Westminster Ophthalmic Hos- 
pital where a diagnosis of retrobulbar neuritis was made. 
Within a month her visual symptom had ceased to 
trouble her and she appeared to be in normal health. In 
October, 1953, she again complained of mistiness of 
vision and in addition thought she saw double on one or 
two occasions. She began, at this time, to feel vaguely 
ill and noticed that her right leg dragged as she walked. 
On medical advice she remained away from work for 
a month, but when she returned to her post her colleague 
commented on her unsteady gait. The difficulty in walk- 
ing progressed until by 10 days before admission she was 
barely able to leave her bed and stagger to the lavatory. 
On several occasions during the two months before 
admission she noticed numbness in the left arm and less 
often a similar sensation in both feet. For a week mictu- 
rition had been precipitate. 

On account of the apathy and retardation shown by 
the patient when she was first seen special enquiry was 
made concerning her earlier mental state from those who 
lived in the same household. Her mother thought she 
had changed a little in a vague way, but neither her sister 
nor her brother had noticed such change. From her place 
of employment the supervisor stated that her work, 
which she had continued until three weeks before ad- 
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mission, had been on the whole satisfactory. It had been 
apparent, however, that for temperamental reasons she 
had become less easy to work with and for this reason a 
change of post within the department had been arranged, 

On examination the patient was a well nourished young 
woman, vague and apathetic. Although retarded she was 
correctly oriented and could speak of current events and 
personalities. Her memory was a little impaired on formal 
testing. The positive findings on physical examination 
were pallor of the left optic disc, fine nystagmus on 
horizontal deviation, slight right facial weakness, slight 
weakness of the right hand, and some weakness of both 
lower limbs which along with incoordination rendered 
her unable to stand. The deep reflexes were not par- 
ticularly abnormal but both plantar responses were 
extensor. There was impairment of position sense and 
vibration in the lower limbs. Blood and urine tests were 
normal, and a chest radiograph was clear. The C.S.F. 
was abnormal, containing 18 cells, all lymphocytes; the 
protein content was 45 mg.; the colloidal gold curve was 
strongly paretic (5543210000). 

The history and clinical features pointed to a diagnosis 
of disseminated sclerosis and the cerebrospinal fluid 
findings were consistent. At the time of admission she 
had been able to give a reasonable, though perhaps in- 
complete history, and could cooperate in answering a 
series of quite searching questions as well as in examina- 
tion generally. A week after admission, however, strange 
behaviour developed. She became confused, disorien- 
tated, and uncooperative. Conversation became minimal 
and irrelevant. She was now doubly incontinent. Formal 
psychometric assessment at this time gave evidence of 
gross deterioration from a superior intellectual level, this 
affecting both visuospatial and verbal tests. 

When she had been in hospital three weeks her con- 
fusion and dementia were so marked that the original 
diagnosis of disseminated sclerosis was clearly in doubt 
and some more massive demyelinating disorder was 
considered as a possible explanation for the clinical 
picture. In examination of her mental state at this time 
it was found that she was grossly confused, inattentive, 
and unable to understand simple questions. Specific 
tests of mental function given on admission and a week 
later were again repeated and poorer responses were 
elicited. Perseveration and retardation were manifest. 

An E.E.G. (Dr. W. A. Cobb) (Fig. 1) on February 15 
was markedly abnormal without localizing or focal 
features. There were random irregular slow waves from 
all areas. An air encephalogram was carried out on 
February 13 and showed the ventricular system to be 
normal in position but the ventricles to be moderately and 
symmetrically enlarged. The cerebrospinal fluid re- 
examined on February 19 was still under normal pressure, 
remained clear and colourless, but it now contained 37 
lymphocytes ana 30 mg. of protein per 100 ml. The 
Lange colloidal gold curve remained paretic (432111000). 

By the end of February, six weeks after admission, 
deterioration in mental state had been of such degree 
that the patient now lay in bed, incontinent and making 
loud, whining and nasal noises, but uttering no recog- 
nizable words. She obeyed no commands and did not 
cooperate for nursing or examination. The only lim» 
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Fic. 1.—E.E.G. in Case | taken on February 15, 1954. 


now active was the left upper and this she used to strike 
out at anyone who attended her, and to scratch her face 
or tug her hair. Constantly repeated wild hair pulling 
movements were a principal feature of any activity she 
showed. Dysarthria was gross. 

By mid-March her limbs were practically motionless 


Fics. 2a and 2b.—Plaques in deeper layers of cortex and in sub- 
cortical white matter. 


and she lay in bed, still uttering loud, whining noises, 
clutching her hair and rolling her head from side to side. 
She was incontinent and now pyrexial. She remained in 
this state for a further fortnight when, because of her 
mental condition and the disturbance caused by her 
constant noisy utterances, she was transferred to an 
observation ward. Further deterioration occurred and 
she died a few days later and Dr. W. Blackwood’s report 
on the necropsy reads as follows:— 

On section all lobes of the cerebrum were the site of 
well-defined, rather smoothly outlined pinkish-yellowish 
or pinkish-greyish regions of demyelination. These 
plaques were present at the angles of the lateral ventricles 
but to a lesser extent than is usually seen in disseminated 


Fic. 3.—Plaque in white matter of the cerebellum. 


sclerosis while the number of plaques in the deep white 
matter of all lobes and especially in the deeper layers 
of the cortex and subjacent white matter was very much 
greater than is usually seen (Figs. 2a, 2b). Plaques were 
visible in the cerebellar white matter in both hemispheres 
(Fig. 3). The optic nerves were thin but not obviously 
demyelinated. Several large yellowish plaques were 
present in the spinal cord. 











In the midbrain a triangular-shaped plaque with the 
base in the ventral half of the periaqueductal grey matter 
extended forward almost as far as the ventral sulcus. In 
the pons there were extensive lesions in the dorsal 
tegmental portion and in the pons proper. The medulla 
was extensively involved and the spinal cord showed 
plaques at many levels. 

Microscopical examination showed the plaques in the 
cerebrum and cerebellum with loss of myelin sheaths but 
few axons staining. There was astrocytic hypertrophy, 
hyperplasia, and glial fibre formation. In recent plaques 
there was perivascular lymphocytic cuffing. Other 
plaques were quiescent. 


Case 2.—This patient (R.S. N.H. No. 44463), a married 
woman aged 24, was admitted to the National Hospital 
under the care of Dr. E. A. Carmichael on April 7, 1953. 
At the time of admission she was in a state of abnormal 
consciousness and unable to cooperate in any way. Her 
previous health had been good and there was no know- 
ledge of familial disease. Twelve months previously the 
eyesight in one eye became blurred and after a month 
returned to normal. She was then in the early stages of 
pregnancy, and subsequently passed normally to term 
and delivered a healthy child. The husband stated that 
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from the time of her first symptoms until her admission 
to hospital 12 months later there had been one day in 
every two or three weeks in which his wife did not seem 
quite her usual self. At these times she did not do the 
housework, became bad-tempered, and, he thought, 
seemed to care about nothing. She continued, however, 
to run her house and care for her husband and child 
until six weeks before admission when her eyesight again 
became disturbed and vision failed, this time in both eyes, 
so much so that her husband thought she had been quite 
blind for the past three weeks. When vision had again 
become impaired, weakness had developed in the right 
arm, and as she walked the right leg dragged. 

On examination the patient was a young woman of 
slight build, recumbent, incontinent, staring vacaritly 
and answering nothing. She made frequent, sudden, 
side-to-side rotatory movement of the head. The lips 
were lacerated. As one attempted to examine the cranial 
nerves she bit savagely at the examiner’s hand or at test 
objects which were approached to her. Visual acuity 
could not be formally assessed. She appeared to see 
nothing placed before her, but blinked to a menacing 
movement. The right optic disc was normal in ap- 
pearance, the left showed moderate pallor with clear-cut 
edges. The pupil reactions were those of a blind left eye. 
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Fic. 4.—E.E.G. taken on April 8, 1953, showing low-voltage waves of wide frequency range and generalized distribution. 
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Fic. 5.—E.E.G. in Case 2 taken five weeks after that of Fig. 4. 
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Fic. 6.—Air study in Case 2 showing dilated ventricles and large 
cortical collections of air. 


There was total quadriplegia with increase of tone and 
reflexes in the lower limbs. The only sensory testing that 
was possible showed that painful stimuli were appre- 
ciated in all areas. There was a leucocytosis and some 
pyrexia, these attributed to an infected bedsore. The 
cerebrospinal fluid pressure was 85 mm. and the fluid 
contained 7 lymphocytes and 45 mg. protein. The Lange 
curve read 1112221110. The Waspermann reaction was 
negative. An E.E.G. (Fig. 4) obtained with difficulty on 
April 8 was reported by Dr. W. A. Cobb to show no 
normal rhythms. The record consisted entirely of low- 
voltage undulating waves with a wide frequency range 
which were generalized in distribution. A further record 
five weeks later showed negligible rhythmical activity 
(Fig. 5). An air encephalogram showed symmetrical 
dilatation of the lateral ventricles and the third ventricle 
was also dilated, measuring 1.4 cm. in maximum width. 
A considerable quantity of air entered the subarachnoid 
space, particularly along the side of the falx, and the 
medial sulci were seen to be very much broadened (Fig. 6). 
The anterior end of the third ventricle was outlined and 
was not deformed. The aqueduct and fourth ventricle 
were normal in situation. The total appearance was that 
of diffuse atrophy. 

After a week in hospital the patient remained in the 
same mental condition as on admission. She had not 
been heard to speak a single word. For hours at a time 
she rolled her head from side to side in a rapid, rhythmic 
manner and snapped with her jaws at all objects within 
reach. The bed linen at the head of the bed rapidly 
hecame torn as she clawed and pulled at it with her teeth. 
Her physical signs changed little; the quadriplegia 
remained severe, the spastic increase in tone became more 
marked and the reflexes more brisk. There was no change 
in behaviour in the next two months. At the beginning 
of June, however, she spoke more readily, but her answers 
to questions were completely unpredictable. By the end 
of May there had been some return of movement in the 
left upper limb and shortly after this a little voluntary 
movement in the right arm and both legs occurred. A 
month later she could move her left arm enough to strike 
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the examiner and in a further two weeks she could sit 
out of bed. Improvement did not continue, but regres- 
sion occurred and she again became confined to bed, 
quadriplegic and incontinent. Sometimes she would eat 
normally from a spoon, sometimes she would snap 
viciously at things. Two months later she remained 
grossly demented, disoriented, and abusive, and con- 
tinued to tear sheets and her own clothes with her teeth 
and to snap at anything brought near her face. She be- 
came so noisy and abusive with so much screaming and 
shouting that it became impossible to keep her in an 
ordinary ward and she was transferred to a mental 
hospital in October, where she died a few weeks later. 
Necropsy was refused. 


Discussions 


Admission to Mental Hospitals.—Both the patients 
reported in this paper became demented to the 
extent of requiring admission to mental hospitals, 
which raises the question of how often such a 
measure becomes necessary in the course of dis- 
seminated sclerosis. Drefendorf (quoted by Ross 
(1915)) points out the rarity of symptoms of sufficient 
severity to warrant admission to a mental hospital. 
Stoddart, quoted by the same author commenting 
on Raymond’s remarks about mental changes in 
cases he had seen at the Salpetriére, says that “* We 
know from experience that disseminated sclerosis is 
practically never seen in asylums’’. Ross himself 
found five cases among the 750 in-patients then 
under care at The Royal Edinburgh Mental Hospital. 
Brown and Davis (1922) give the figures for patients 
suffering from disseminated sclerosis in the Man- 
hattan State Hospital as three in a population of 
6,700. They qualify this by pointing out that the 
mental symptoms are often overlooked or not given 
special attention because of the physically disabling 
effects of the disease, and also that many whose 
mental state in mobile persons would require ad- 
mission to a mental hospital are able to be nursed 
at home because of their inability to get about. 
Langworthy, Kolb, and Androp (1941) studied 199 
cases of disseminated sclerosis attending their clinic 
over a period of 11 years. Thirty-seven showed 
obvious behaviour disturbance at some stage and 
16 of the 37 were seriously enough affected to require 
admission to a mental ward. Sugar and Nadell 
(1943) considered the figures given for the occurrence 
of the disease among the inmates for admission to 
mental hospitals as of no help because the incidence 
of the condition among the population at large was 
unknown. Pratt (1951), however, asserted that the 
incidence of disseminated sclerosis among the in- 
mates of mental hospitals was no greater than in the 
community generally, and in following up the 
progress of 544 cases of disseminated sclerosis 
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actually found the incidence of certification lower 
than would have been expected from the population 
at large. 


Electroencephalography.—The E.E.G. changes in 
disseminated sclerosis have been studied by a number 
of investigators beginning with Berger himself and 
including Freeman (1944), Hoefer and Gutman 
(1944), Bickford (1950), Jasper, Bickford, and 
Magnus (1950), Fuglsang-Frederiksen and Thygesen 
(1951) and Macrae and Aird (1954). All are agreed 
that E.E.G. changes are not well defined or patho- 
gnomonic of the illness and the only clear correlation 
is between the record and the acuteness of the phase 
of the disorder. The possible explanations for the 
E.E.G. abnormalities, which in the more marked 
form are of the pattern of diffuse and slow activity, 
are primary cortical cell change, disturbance of 
cortical activity by interference with afferent pro- 
jection in the subcortical white matter or in the 
brain-stem, and possibly retrograde changes in the 
cortex as the result of disturbance of the efferent 
projection fibres in the white matter. 

The site of the lesions responsible for the abnor- 
mality in the E.E.G. in the cases under discussion is 
likely to be the subcortical white matter where 
plaques of varying size were present in Case 1. The 
grey matter, and thus the E.E.G., would be secon- 
darily involved; but the possibility may be considered 
of disturbance of consciousness and of the E.E.G. 
arising from lesions in the brain-stem. Thygesen 
(1953) stated that the symptoms of brain-stem in- 
volvement were nearly always reflected in the E.E.G.., 
although he, too, considered more persistent cortical 
dysfunction as recorded in an E.E.G. as due mainly 
to subcortical plaques directly damaging the pro- 
jection fibres. 


Ventricular Dilatation—Another feature of both 
the cases reported was the ventricular dilatation 
which in Case 2 (R. 8S.) was accompanied by con- 
siderable cortical atrophy. Zimmerman and Netsky 
(1950) found considerable hydrocephalus in three 
of their 50 post-mortem cases although one of these 
also harboured a cerebellar tumour. Brain (1930) 
refers to descriptions of internal hydrocephalus in 
disseminated sclerosis by Merle and Pastine (1910) 
and by Siemerling and Raecke (1914). He gives as 
possible explanations for its development atrophy 
of the hemispheres and obstruction of the aqueduct 
of Sylvius by surrounding sclerosis and ependymitis. 
The air studies in the two cases in the present paper 
and those done in other cases show that the aqueduct 
is not occluded and that cerebral atrophy is in fact 
present. Freeman (1944) reported 13 cases of dis- 
seminated sclerosis in which air studies had been 
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carried out, and he could find only two other 
references in the literature to encephalographic 
studies in disseminated sclerosis, one relating to a 
single case without necropsy confirmation and the 
other to a series of six. Three of his own 13 cases 
were subsequently examined at necropsy. He found 
some dilatation of the ventricular system in most, 
although there was striking variability. The most 
characteristic finding in the air studies was a focal 
collection of cortical air, and he goes so far as to 
regard this as diagnostic of disseminated sclerosis 
if tumour can be excluded. Also the head of the 
caudate nucleus was flattened and the third and fourth 
ventricles were enlarged. He correlated the changes 
with clinical features: euphoria with dilatation of 
the anterior horns of the lateral ventricle; emotional 
changes and lethargy with dilatation of the third 
ventricle; and ataxia with dilatation of the fourth. 
He also drew attention to the frequency of necrotic 
plaques in the periventricular region and considered 
that contraction of these plaques was responsible 
for the dilatation of the ventricle. Cicatricial con- 
traction in the subcortical plaques was likewise 
regarded as responsible for the cortical collection of 
air. Sachs and Freidman (1922) refer to a case in 
which ventricular dilatation was evident at necropsy. 
McAlpine (1955) comments on the presence of 
moderate hydrocephalus in long-standing cases 
without reference to its presence in the acute forms. 


Pathology.—It is not intended to go in detail into 
the histological changes of demyelination, peri- 


vascular cellular accumulation, 
gliosis. These features have been described many 
times. Of particular value are Dawson’s (1914) 
monograph, an excellent account in Brain’s (1930) 
review, and in the observations of Zimmerman and 
Netsky (1950) who examined histologically the 
nervous system in 50 cases which had come to 
necropsy after illnesses of duration varying from two 
months to 64 years. Their macroscopic observations 
were notable for the fact that a mild degree of 
hydrocephalus was present in many of the more 
long-standing cases. This finding was unusually 
severe in three cases although in the majority the 
ventricular system was unchanged. Regarding the 
distribution of lesions through the hemispheres, these 
were found, as they had been by others, symmetrically 
scattered in the central white matter but also in the 
cortical grey matter. There was a strong predilection 
for the periventricular site while the basal ganglia 
and corpus callosum were often involved. The 
paraventricular nuclei of the hypothalamus were 
affected at times and the lower brain-stem was also 
affected. 

This leads to consideration of the correlation 


and subsequent 
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between pathological changes and mental disturbance 
in the cases reported here and in those of their kind. 
Cohen and Gavigan (1937) cite Philippe and Jonés 
(1899) as the earliest to maintain that specific mental 
changes were due to plaques of sclerosis scattered 
through the cortex and corpus callosum. Valentiner 
(1856) thought psychic disorder was constant when 
the brain was invaded by massive sclerosis, and 
Vulpian (1886), though he considered mental changes 
rare, gave them a basis of anatomical changes in the 
cerebrum. The same concept underlies the term 
“ polysclerotic dementia’ used by Dannenberger 
(1901). Langworthy and others (1941) attribute en- 
feeblement of intellect to interruption of subcortical 
fibres from plaques in the white matter, and they 
comment further that the position of plaques shows 
all possible variations, and disturbance of function 
may therefore be of all possible types. Cottrell and 
Wilson (1926) explained the affective changes in their 
cases on the basis of periventricular subependymal 
spread of pathological changes due to toxic invasion 
with particular involvement of the palaeothalamus. 
They contrast the relative integrity of intellectual 
function with relative conservation of the cortex 
unless the disease is far advanced. Sugar and Nadell 
(1943) consider the various pathological bases for 
the change of mental state: numerous plaques caus- 
ing widespread interference with function, a general 
toxic infective condition, disturbance of the sub- 
cortical connexions of the cortico-thalamic and 
cortico-bulbar groups, thalamic involvement itself, 
meningo-fibrosis and cerebral atrophy. Having dis- 
cussed these organic changes they go on to describe 
the mental changes as a reaction upon the part of 
the patient to his illness. Similar psychodynamic 
explanations have been propounded by Jelliffe (1921), 
by Borberg and Zahle (1946), and by Braceland and 
Giffin (1950). 

In Case 1, which came to necropsy, the basis of 
the mental change and alteration of consciousness 
can be seen in the widespread lesions of the hemi- 
spheres and in the involvement of the brain-stem. 
This is in keeping with McAlpine’s view (1955) that 
change in affect is unusual at or soon after the onset 
of the disease except in cases with widespread in- 
volvement of the brain-stem. He also says “ as 
might be expected, evidence of intellectual deteriora- 
tion is quite exceptional in the early stages of the 
disease, only occurring when there is other evidence 
of widespread cerebral involvement.” 

Admittedly, the second case may not be completely 
acceptable as disseminated sclerosis. There was a 
preliminary isolated retrobulbar neuritis and at one 
Stage of the more advanced illness there was tran- 
Sient improvement. The degree of cerebral tissue 
change revealed in the air study, however, is sug- 


291 


gestive of a more diffuse disorder such as one of the 
Schilders group. Should this be the nature of the 
condition the similarity of the clinical picture 
remains of great interest in view of the belief held 
by some that the demyelinating disorder is funda- 
mentally identical in the two conditions, the diffuse 
changes in Schilder’s encephalitis representing con- 
fluence of plaques which remain discrete in dis- 
seminated sclerosis. 


Summary 

Two cases are described in which there was a rapid 
onset of global dementia associated with the clinical 
signs of multiple lesions in the brain and spinal cord, 
leading to the diagnosis of disseminated sclerosis. 

Investigation in both cases showed abnormal 
E.E.G. records, ventricular dilatation, and cortical 
atrophy. 

Both patients had to be transferred to mental 
hospitals on account of their dementia, and the 
disease rapidly progressed to a fatal issue. 

In one case the diagnosis of disseminated sclerosis 
was confirmed by post-mortem examination. 

The rarity of dementia in disseminated sclerosis 
being of a degree requiring admission to a mental 
hospital is emphasized, and the significance of the 
air studies, E.E.G. abnormalities, and pathological 
lesions is discussed in relation to the mental disorder 
observed in these cases. 


Grateful thanks are given to Sir Charles Symonds and 
to Dr. E. A. Carmichael under whose care these cases 
were admitted for permission to record them. Thanks 
are also due to Dr. W. S. Blackwood for the pathological 
material and to Dr. W. A. Cobb for the E.E.G inter- 
pretations. 
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The susceptibility of the brain in childhood to 
anoxic damage during epileptic convulsions is still 
not yet widely recognized in spite of the pathological 
studies by Scholz, summarized in his recent mono- 
graph on the subject (1951). Two years ago Meyer 
and his collaborators reported the case of a boy 
aged 9, who, following status epilepticus developing 
in the course of Still’s disease, was found to be 
demented, and subsequently suffered from various 
types of epileptic seizure (Meyer, Beck, and Shep- 
herd, 1955). Post-mortem examination showed 
widespread damage to the brain apparently due 
mainly to circulatory and anoxic disturbances 
associated with the first status epilepticus. 

In the case we report below, widespread cerebral 
lesions, also apparently anoxic in origin but in an 
appropriately fresh state, were found three days 
after status epilepticus, which followed a trivial 
injury to the head after a lucid interval of 24 hours. 


Case Report 

The patient, a boy aged 13 years, was one of five 
children, all, including himself, in good health and 
without any history of fits. 

The patient had had no previous illness apart from 
measles as a baby, On the evening of July 7, he was 
fielding whilst playing cricket with two other boys, when 
his attention was momentarily diverted by someone 
calling to him. At that moment, he was struck by the 
ball, which was of cork, full on the forehead. The ball 
had come directly from the bat without hitting the 
ground. He fell over backwards, but picked himself up 
and went on playing as though unaffected. Later he 
went home with his friend, passed a normal night and the 
next day went to school. He behaved normally at school, 
but boasted about the bruise on his forehead. At 
4.15 p.m. he returned home, carried out a shopping 
errand and seemed in every way normal until 6.15 p.m., 
when his mother noticed that he appeared to be “un- 
conscious”. A few moments later, he got up from his 
chair with his eyes shut and picked up a piece of bread 
from the table, put it in his mouth, then took it out and 
made as though to throw it in the fire. He then had a 
fit, all limbs convulsing, and became unconscious. He 


. was taken to West Bromwich and District Hospital, and 
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was admitted under Mr. J. H. Kirkham at 7 p.m. He 
was semiconscious but rousable, the pupils were equal 
and reacted to light, and except for a decrease in the 
right knee jerk, all the tendon reflexes and abdominal 
and plantar responses were normal. The blood pressure 
was 110/70 mm. Hg. 

Between 7 p.m. and 10p.m. he vomited once. At 
6 a.m. the next morning, he had a further fit lasting six 
minutes. The arms and legs twitched and he then went 
very blue. The pupils remained normal, the right plantar 
response became extensor and his pulse was 82 per min. 
Halt an hour later, he was rousable again and had a good 
colour. Later in the morning, he recognized the surgeon 
who had treated him previously for an implantation 
dermoid, and spoke coherently to his mother. At 
10.5 p.m. that evening, he had a very severe fit lasting 
three-quarters of an hour. We are indebted to Dr. F. G. 
Duffy for the following account of the fit:— 

‘“* | was asked to see the patient at midnight when he 
had already been in status epilepticus for 35 minutes. 
When I saw him, he was still convulsing, was moder- 
ately cyanosed, and there was very marked respiratory 
embarrassment. Even from the foot of the bed, it was 
obvious that the respiratory passages were very 
obstructed and moist, and he appeared to have 
vomited during the course of the fit. 

I injected Sml. (4 g.) of 5% thiopentone intra- 
venously. Within a few seconds the fit was controlled, 
but the patient remained slightly cyanosed and his 
chest still sounded ‘ very wet’. Pharyngeal toilet was 
performed and the patient was put back on oxygen, 
a time with a properly fitting mask and reservoir 

ag. 
Raines 20 minutes after the fit had been controlled, 
twitching recommenced in the left forearm and hand, 
14 ml. of thiopentone was given intravenously, and 
the twitching stopped immediately. Paraldehyde, 
5 ml., was given intramuscularly and, approximately 
30 minutes later, scopolamine, g. 150, was given.” 


He had a further fit at 4.30 a.m. the next morning, 
after which his pulse rose to 130 per minute, and the 
right eye turned inwards. The next day, July 10, he was 
still unconscious, but could be roused and spoke a single 
sentence to his mother on one occasion only. He was 
incontinent. The pupils were normal, but both plantar 
responses were now extensor. The abdominal reflexes 
were very sluggish, and the knee and ankle jerks absent. 
He slept fairly well during the night, but was restless at 
times. He took sips of water. After 11.30a.m., his 
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condition deteriorated and at 12.30p.m. he became 
unconscious with a rising pulse (to 140 per minute) and 
respiration (to 40 per minute rate). The pupils remained 
equal and reacted to light. At 6 p.m. he was transferred 
to the Midland Centre for Neurosurgery, where he was 
seen to be lying still, but showed some twitching of the 
right arm. On supraorbital pressure, he moved the right 
face, arm, and leg, and the right arm and leg on pin prick. 
He did not answer the spoken word. There was slight 
neck stiffness, but Kernig’s sign was absent. There was 
internal strabismus. The margin of the left optic disc 
was swollen and obliterated. The left pupil was larger 
and more reactive to light than the right. There was a 
left facial paralysis. The limbs were flaccid and there 
was generalized areflexia. The left plantar response was 
extensor. 

Two frontal and two temporal burr holes were made 
under local anaesthesia. The intracranial pressure was 
normal or low. No extra- or subdural blood was found. 
Cerebrospinal fluid welled up satisfactorily. Air was 
instilled into each temporal horn and radiography showed 
a general shift from right to left with downward com- 
pression of the right lateral ventricle more anteriorly than 
posteriorly. A further right fronto-temporal burr hole 
was made, and the brain needled and found to be soft. 
No blood was encountered. 

Later that evening there was a continual movement of 
the right hand and wrist like a slow-motion pill rolling, 
the pulse and respiration rate rose, and he died at 
11.30 p.m. 


Post-mortem Examination 

The necropsy was carried out within 12 hours of death. 
The body was well nourished and normally developed 
for the age. The skin on the side of the bridge of the 
nose as far as the angle of both eyes, together with that 
over the central part of the forehead, was greenish-yellow. 
Over the centre of the left deltoid, there was a partially 
healed B.C.G. vaccination sore. 

On reflecting the scalp, two burr holes were seen just 
above the forehead, 6 cm. above the bridge of the nose 
and 1-5 cm. on either side of the mid-line. There was a 
very small collection of blood around the left frontal 
burr hole. Apart from a very few small haemorrhages 
under the fasciae of both temporalis muscles and under 
the periosteum over the crown of the head, no abnor- 
mality was seen. 

The skull and cranial contents were removed in toto. 
Bone and dura were removed over the frontal and 
occipital lobes to allow access of formol saline. After two 
days, the frontal and occipital poles were removed to 
allow formol saline to enter the deeper parts of the brain. 
In this way post-mortem damage to the unfixed brain 
was prevented. 

The left axillary and cervical posterior triangle lymph 
glands were dissected out and appeared quite normal. 
The thymus appeared a little large. There were a few 
millilitres of clear yellow fluid in the pericardium and 
there was a small transparent nodule on the cordae 
tendinae of the posterior cusp of the mitral valve. The 
lungs were fixed undissected by intratracheal formalin, 
and no abnormality was observed on subsequent slicing. 
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The suprarenal glands had little lipoid, but were other. 
wise normal. The kidneys were congested. There was 
no abnormality in the alimentary tract. 


Histology of the Extracranial Organs 

Skin from Ulcerated Area at Site of B.C.G. Vaccination 
over Left Deltoid.—The ulcer was lined by granulation 
tissue in which lymphocytes predominated. There were, 
however, also many macrophages. The walls of the 
small vessels were thickened and occasionaily the lumen 
was occluded by eosinophil material, probably thrombus, 
Deep to the granulation tissue, there was a thick layer 
of dense collagenous tissue, beneath which a few collec- 
tions of inflammatory cells were seen in the subcutaneous 
fat. 


Left Supraclavicular Lymph Node.—Sinus catarrh was 
marked with frequent macrophages in the sinuses. 


Liver.—There was marked oedematous thickening of 
the collagen in the portal tracts and around the central 
veins and sinusoids. In some areas, and especially around 
the central veins, the liver cells were degenerated to 
the point of necrosis. 


Kidneys.—Apart from oedema of the collagen around 
some of the arterioles, the only abnormality consisted 
of approximately circular deposits of an amorphous, 
haematoxylinophilic material, mostly in relation to the 
cells of the convoluted tubules, but also occasionally in 
relation to a glomerular tuft or basement membrane. 
The deposits were approximately twice the size of a red 
blood cell. 


Heart Muscle.—The heart muscle was normal except 
for amorphous deposits similar to those seen in the 
kidney. The deposits mostly lay against, or upon, a 
muscle fibre. 

The suprarenal gland was normal. 


Dissection of the Brain after Fixation 

The only abnormality on the external surface of the 
brain was a broad, bean-shaped area of subpial haemor- 
rhage, 1-8cm. x 0-8 cm. in diameter, at the left frontal 
pole. On section, the underlying cortex was seen to be 
replaced almost completely by small, partly confluent 
haemorrhages. It was considered that this lesion had 
been caused by coagulation of a small vein where the 
overlying burr hole was made. The posterior half of the 
right superior parietal convolution was also slightly 
broadened. 

On coronal section, the white matter of the right frontal 
lobe was shrunken with a greyish discoloration and 
increased prominence of vessels both in the grey and 
white matter (Fig. 1). On the right side, just deep to the 
cortex in the depths of the inferior frontal sulcus, was 
a lens-shaped haemorrhage, 0-5 cm. long. A haemor- 
thagic needle track extended through the centrum semi- 
ovale of the right cerebral hemisphere into the anterior 
part of the putamen. 

Section through the posterior half of the right superior 
parietal convolution revealed a crescentic, slit-like cavity, 
embracing the grey matter of that part of the gyrus 
which lay in the depth of the sulcus (Fig. 2). Further 
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Fic. 1.—Coronal section through the frontal lobes. The right frontal 
lobe is on the left in the photograph. It shows shrinkage and 
slight greyish discoloration of the white matter, which contains 
a small lens-shaped haemorrhage. 


forward, the cavity became more superficial, splitting 
the cortex into two parts. The method of fixing the brain 
in situ made it impossible that this cavitation could have 
been produced after death. 

No tentorial grooving of either hippocampal gyrus was 
observed at the level of Ammon’s horn. Further forward 
at the level of the amygdaloid nuclei, there was certainly 
no grooving on the left, while on the right, the greater 
part of the hippocampal gyrus was so softened that its 
surface no longer presented a stable outline. 

In all other respects, the brain appeared normal to the 
naked eye. 


Histological Techniques Used 

Blocks were taken for celloidin embedding from the 
left and right frontal and temporal lobes, the right 
occipital lobe, and the basal ganglia of both sides at two 
levels, the region of the dorsal part of the central sulcus 
on both sides, the mid-brain, pons, and medulla with 
adjacent foliae of cerebellum. Sections were stained by 
Nissl, Woelcker for myelin, and van Gieson. Frozen 
sections from the right occipital and frontal lobes were 
also stained with Marchi-trichrome, Scarlach R, the 
Takya-Siko modification of Kulschitsky-Pal and Holzer 
for glial fibres. Large blocks of one hemisphere were 
also taken from the frontal and occipital lobes, from both 
hemispheres at the level of the lentiform nuclei, and 
from the left temporal lobe and part of the right at the 
level of the pulvinar. These blocks were impregnated 
by the Swank-Davenport medification of Marchi’s 
method. 


Histological Findings 4 

Distribution of Nerve Cell Changes.—The distribution 
and severity of the nerve cell changes are indicated in 
Fig. 3. Briefly summarized, the cortex of the right 
cerebral hemisphere was severely affected in all areas 
studied, except for a small area of the dorsal-most con- 
volution of the occipital lobe. The frontal and temporal 
lobes were most affected and the cortex on either side of 
‘he fissure of Rolando was least affected. There was loss 
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of nerve cells in the affected areas varying from an outfall 
of isolated nerve cells, through palings, to complete loss 
of nerve cells from several adjacent gyri (Figs. 4 and 5). 
Where nerve cell loss was severe, there was a marked 
hypertrophy and proliferation of the microglia with 
frequent cells showing mitosis. The astrocytes showed 
activated nuclei, but had not proliferated. The surviving 
nerve cells in the cortex appeared normal. No lipoid 
was seen within the microglia, except for one small group 
of nerve cells showing ischaemic changes in the right 
occipital lobe. The amygdaloid nucleus suffered almost 
total loss of nerve cells. The left hemisphere was much 
less severely affected, but Ammon’s horn was markedly 
involved on both sides (Fig. 6). On the right side, there 
was a total loss of nerve cells from the vulnerable (h,) 
Sommer’s sector and severe degeneration of the nerve 
cells in the endfolium (h,) and subliculum. The nerve 
cells in the resistant (h,) sector were well preserved, 
though a few of those nearest to the ventricle showed 
severe cell change and were undergoing neuronophagia. 
There was a small island of intact cortex occupying the 
dorsal half of the hippocampal gyrus, but the cortex of 
the rest of this gyrus and of the other temporal gyri was 
severely affected (Fig. 5). The left Ammon’s horn 
showed similar changes to the right, except that there 
were still many recognizable though degenerating nerve 
cells in the endfolium. The rest of the left temporal 
cortex, including the hippocampal cortex, was slightly 
affected or unaffected. In the thalamus, the right anterior 
and the anterior part of the dorsomedial nucleus were 
moderately severely affected (Fig. 7). The posterior part 





Fic. 2.—Right occipital lobe showing cavity embracing cortex of 
superior parietal convolution. 
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L. FRONTAL 





Normal cortex. 





Outfall of single nerve cells. 





Small palings. 
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Moderately severe nerve cell loss or 
degeneration. 

Very severe destruction of nerve cells, only 
1-4 cells remaining in high-power field. 











Complete loss of nerve cells. 


R. TEMPORAL 


R._ CENTRAL R. OCCIPITAL 


Fic. 3.—Diagrams illustrating distribution and severity of degeneration of nerve cells. 


of the left dorsomedial nucleus showed an outfall of 
occasional nerve cells only, while on the right side, there 
was total loss of nerve cells from this nucleus. The 
centromedian nuclei suffered with the dorsomedial 
nuclei. The two nuclei laterales posterior were equally 
affected, the nerve cells showing homogenizing cell 
changes without any marked outfall. Both red nuclei 
were severely affected, many nerve cells having dis- 
appeared and many others appearing as ghosts with 
oligodendroglial satellitosis. The subthalamic nuclei, 
lateral geniculate bodies, and substantia nigra were 
unaffected. The globus pallidus and putamen were not 
greatly altered on either side, though an occasional nerve 
cell in the former and the majority of the large nerve 
cells in the latter, showed severe nerve cell changes. The 


caudate nuclei were unaffected. No changes were seen in 
the cranial nerve nuclei, the inferior olives, or any other 
nucleus in the brain-stem. The cerebellum (both lateral 
lobes and vermis) showed patchy degeneration (pale 
staining and shrinkage) of Purkinje cells with amoeboid 
and mitotic microglia spread along the dendrites of the 
degenerating cells (Fig. 8). The one dentate nucleus 
examined showed a minority of pale-staining degenerate 
nerve cells. 


Changes in the White Matter.—There was a generalized 
diffuse pallor of myelin staining throughout the lobes 
of the cerebral hemispheres, but the myelin of the deep 
white matter, e.g., internal capsule and corpus callosum 
was well preserved (Figs. 9 and 10). The most severely 
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Fic. 4.—Right and left cingulate gyri. The right 
cingulate gyrus (on left) shows complete loss of 
the normal lamination due to total disappearance 
of nerve cells. The left gyrus appears normal. 
Nissl. 


. 5.—Cortex of right gyrus fusiformis (temporal 
lobe) showing severely degenerated nerve ceils 
laying in vacuoles; the microglia is proliferating 
and there is extreme dilatation of vessels with 
activation of endothelial cells and formation of 
phagocytes. Nissl. 


. 6.—Right Ammon’s horn and dorsal half of 
hippocampal gyrus, showing preservation of nerve 
cells in the resistant (h,) sector and destruction 
of cells in Sommer’s (h,) sector, endfolium, and 
subiculum. The cortex of the dorsal half of the 
hippocampal gyrus is intact (HG). The cortex of 
the ventral half of this gyrus, as well as of the 
other gyri of the right temporal lobe showed very 
slight loss of nerve cells. Nissl. 


. 7.—Right dorsomedial nucleus showing degenera-~- 
tion and neuronophagia of nerve cells. Arrow 
indicates microglial cell in mitosis. Nissl. 


. 8.—Cerebellum showing microglia spread out 
along dendrites of degenerating Purkinje cells. 
Arrow indicates microglial cell in mitosis. Nissl. 
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Fic. 9.-—Right occipital lobe showing severe pallor of myelin staining 
in centrum semi-ovale and crescentic cavity embracing cortex 
of superior parietal convolution. Woelcker. 


10.—Coronal section through basal ganglia showing normal 
staining of myelin of corpus callosum and internal capsule. 
Woelcker. 


11.—Right frontal lobe showing severe, and in places total, 
pallor of myelin staining. Woelcker. 
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affected white matter was that of the right frontal lobe 
(Fig. 11), which showed absolute lack of staining deep 
to the inferior frontal convolutions. The best preserved 
myelin of the centrum semi-ovale was that around the 
left fissure of Rolando. Both temporal lobes and the left 
frontal lobe were severely affected, but not so severely 
as the right frontal lobe. The optic radiations stained 
more deeply than the rest of the white matter of the 
temporal lobe. The corpus callosum was not affected. 
There was slight pallor of the myelin of both middle 
cerebral peduncles. 

In spite of the severity and extensiveness of the 
degeneration of myelin, there was no evidence of the 
products of degeneration. Scharlach R_ preparations 
from severely affected areas showed only a doubtful 
increase in anisotropic lipoid in the occasional phago- 
cytes around the vessels in the white matter. A small 
portion of the white matter from the right cerebral 
hemisphere, taken within a month of fixation, showed 
numerous Marchi-positive myelin sheaths, but this was 
probably an artefact. Large blocks, taken after a longer 
period of fixation, showed only scattered granules of 
Marchi-positive material, none of which were intra- 
cellular. The glia was little affected in the white matter 
except in the right frontal lobe where there were numerous 
amoeboid microglial cells, many of which were in 
mitosis. 


Discussion 

The main interest in this case is in the patho- 
genesis of the fatal damage to the brain, which was 
so little anticipated in view of the triviality of the 
blow to the head. 

Since the patient was behaving entirely normally 
until the time of his first convulsion about 24 hours 
after he was hit on the head, it seems unlikely that 
any extensive damage to the brain immediately 
followed the blow. On the other hand, the state of 
the degeneration of nerve cells, especially in the 
cortex of the frontal and occipital lobes from which 
most of them had disappeared, was such that it must 
have begun not less than two, and probably three, 
days previously. The changes in the dorsomedial 
nucleus of the thalamus appeared a little more recent. 
It seems very likely, therefore, that the neuronal 
degeneration began after the first convulsion, but 
did not reach its full development until after the 
attack of status epilepticus on the second night, 
after which coherent speech was lost and drowsiness 
deepened into unconsciousness. 

The lesions are striking both in their distribution 
and in the structures affected. In both respects, they 
are typical of anoxia. Cerebral and cerebellar 
cortex, Ammon’s horn, and especially Sommer’s 
sector, are well known for their sensitivity to lack 
of oxygen. Lindenberg (1955) has attempted to 
explain the special vulnerability of Sommer’s sector 
in terms of compression of the long, but not the 
short, arteries of Ushimura against the tentorium 
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as a result of raised intracranial pressure. 


In a 
similar way, he would explain the escape of the 
hippocampal cortex and destruction of the nerve 
cells in the adjacent temporal convolution as a 
result of compression of temporal branches of the 


posterior cerebral artery. It should, therefore, be 
stressed that at operation the dura did not appear 
to be tense, and the ventricular C.S.F. was not under 
increased pressure. Dissection of the brain, fixed 
in situ, showed no herniation of the hippocampal 
gyrus at the level of Ammon’s horn. After dissecting 
brains in which the arteries had been injected with 
neoprene before fixing in situ, it has seemed to us 
unlikely that.the long arteries could regularly be 
occluded by pressure of the tentorial edge, while 
the adjacent short arteries should equally regularly 
escape. The selective vulnerability of the / sector 
of Ammon’s horn, in our opinion, still requires an 
explanation. 

The recent recognition and _— significance of 
degeneration of the amygdaloid nucleus as a post- 
epileptic phenomenon has been discussed by Meyer 
et al. (1955) and will not be discussed further here. 
Attention will only be drawn to its extreme severity 
on the right side in the case reported here. 

In all the areas affected, the nerve cells alone had 
degenerated, although the numerous mitoses in the 
microglia demonstrated the stimulus that had been 
given to this tissue by the degenerating nerve cells 
and their processes. This is the picture of “‘selective 
parenchymal necrosis”, the name given by Scholz 
to this most characteristic effect of anoxia. It remains 
to postulate the way in which anoxia can arise in 
the course of an epileptic fit or status epilepticus. 
Scholz refers to increased oxygen demands and 
vasomotor disturbances, but it seems to us that the 
cerebral anoxia may be part of a more generalized 
anoxia. The necrosis of the liver in our case sup- 
ports this conception. The cyanosis and respiratory 
embarrassment which accompany every attack of 
major epilepsy must inevitably produce some anoxia, 
and it is surprising that damage to the brain is not 
more frequently discovered. Even if this is the 
primary cause of the anoxia, vasomotor disturbances 
and differential oxygen consumption and sensitivity 
to oxygen deficit will still be important in determin- 
ing the topography of the lesions. It is also probable 
that those nerve cells discharging most actively in a 
fit are more likely to degenerate in the presence of 
anoxia. The changes in the nerve cells do not 
require further comment; they are typical of anoxia. 
The asymmetry of the cerebral involvement did not 
find expression in descriptions available of the fits, 
but it is possible that the margin between an anoxia, 
sufficient to affect nerve cells at all and that adequate 
to cause fatal degeneration, is very small, so that 
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both hemispheres may in fact have suffered a com- 
parable anoxia. The pallor of myelin staining in the 
centrum semi-ovale was more symmetrical and, 
though typical of oedema, may in fact have been 
an indirect effect of anoxia, since anoxic damage to 
the endothelium of blood vessels may readily be con- 
ceived to result in increased permeability and oedema. 

The complete absence of the products of break- 
down of myelin in areas showing very marked pallor 
of myelin staining is probably due to the short time 
elapsing between the convulsions and death. Never- 
theless, even where survival is more prolonged, 
oedema characteristically produces a pallor of 
myelin staining in which breakdown products and 
compound granular corpuscles are inconspicuous 
(Greenfield, 1939; Scholz, 1949; Woolf, 1954). The 
absence of stainable perivascular exudate is also not 
incompatible with oedema and merely indicates that 
the increase in vascular permeability, though wide- 
spread and prolonged, was insufficient to allow the 
passage of the protein constituents of the plasma 
(Scholz, 1949). The relatively intact state of the 
large commissural tracts is a well recognized finding 
in cerebral oedema (Jaburek, 1936). 

It is interesting that not only in the cortex, but 
also in the white matter of the right frontal lobe, 
were the changes most advanced as regards the 
microglial response, suggesting that the other areas 
may have been affected after the severe attack of 
status epilepticus on July 9. The right occipital lobe 
was also severely affected, and it is important to 
note that crescentic cavities at the juction of cortex 
and white matter and embracing a sulcus may 
result from partial sequestration of cortex deprived 
of nerve cells, though without degeneration of the 
interstitial tissue. This type of cavitation is due to 
oedema, which produces a spongy state leading to 
liquefaction, and must be distinguished from true 
softening which results from necrosis of the inter- 
stitial tissue. This is characteristically absent in 
selective parenchymal necrosis and only follows 
more severe degrees of anoxia, which would be in- 
compatible with life if the whole brain were subjected 
to them, but which may be encountered in restricted 
areas in lesions due to obstruction of arteries. 

While the acceptance of a causal relationship 
between epileptic convulsions and brain damage is 
slowly gaining ground, we know of only one other 
example of severe damage to the brain following 
convulsions, which developed some days after an 
apparently trivial injury to the head, in a non- 
epileptic subject. This example is Scholz’s (1951) 
case, which concerned a boy who was hit on the 
right eye while boxing with another boy. Epilepsy 
followed three days later and became more severe 
with a progressively heavier neurological disability 
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during the next nine years. His symptoms were 
predominantly unilateral, and at necropsy there was 
atrophy of the corresponding cerebral hemisphere 
only. 

The connexion between the trivial blow to the 
head and the disastrous epileptic convulsions which 
followed remains quite obscure in both Scholz’s 
case and our own. Scholz’s case, as well as that of 
Meyer e¢ al., shows the end-results of selective 
parenchymal necrosis. These resemble closely the 
diffuse cerebral sclerosis with ulegyria described by 
one of us (Woolf, 1955) as the morphological basis 
of acute infantile cerebral diplegia. However, the 
sclerosis in the latter condition occupies a definite 
territory of venous drainage. 

It is hoped that this case report will impress upon 
all those who have to treat cases of status epilepticus, 
whether following trauma to the head or not, the 
importance of minimizing anoxia during the attack, 
particularly by the maintenance of a free respiratory 
air-way. 

Summary and Conclusions 

The case is reported of a boy who received a 
trivial blow on the head, and, after a lucid interval 
of 24 hours, suffered a series of epileptic attacks 
followed by deepening unconsciousness and death. 

During one of the more severe attacks amounting 
to status epilepticus, there was evidence of em- 
barrassed respiratory function and accumulation 
of bronchial secretion. 

Neurosurgical investigation and subsequent post- 
mortem examination showed that there was no 
intracranial haemorrhage or other naked-eye finding 
to explain the deepening unconsciousness. 

Histological examination of the brain showed 
widespread, though asymmetrical, cerebral degenera- 
tion typical of anoxia. 

The possibility of epileptic convulsions, whether 
traumatic or otherwise, causing anoxic damage to 
the brain is emphasized. 

The role of respiratory embarrassment during 
status epilepticus in producing this anoxia is stressed. 

The connexion between the trivial head injury 
and the convulsions remains obscure, but a similar 
case is recorded in the literature. 

Our thanks are due to Professor J. H. Dible for his 
kindness in advising us on the sections of the liver, and 
to Mr. K. J. Kirkham for giving us access to his clinical 
notes on this case. 
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It seems reasonable to assert that the diagnostic 
distinctions between the common organic causes of 
tremor emerged clearly during the sixties of the last 
century, and that this was partly due to the work 
of Charcot and his pupils. At this time alsc the 
Marey tambour (Marey, 1868) came into wide- 
spread use. These two circumstances seem to have 
been responsible for the first attempts to study 
graphical records of tremor by Charcot’s pupils, and 
it was in turn upon these experimental results that 
Charcot based his later teaching (Charcot, 1888, 
1889) on tremors. He divided the non-intentional 
tremors into three main groups: (1) Slow, 4-5 per 
second (Parkinsonian); (2) intermediate, 54-6 per 
second (hysterical); (3) rapid or vibratory, 8-9 per 
second (Basedow’s disease, alcoholism, general 
paralysis of the insane). 

As far as the tremors of neurosis are concerned, 
Charcot’s later pupils (e.¢g., Dutil, 1891) were able to 
show that this scheme was an oversimplification 
and that hysterical tremors, for example, were often 
vibratory in type. Since then there has been little 
advance in our knowledge of the neurotic tremors. 
Most clinicians have simply divided neurotic tremors 
into the categories of coarse and fine, corresponding 
with the intermediate and the vibratory groups 
respectively. The coarse tremors are commonly 
associated with hysteria and are often, on the basis 
of wartime experience, held to carry a better prog- 
nosis than the fine tremors, which are commonly 
associated with anxiety and other neuroses (Mott, 
1919). 

Meanwhile Schafer (1886) had demonstrated a 
10-per-second rhythm in the normal human volun- 
tary myogram, and a majority of subsequent authors 
have found this to be the predominant frequency of 
physiological tremor. 

Theories sometimes held to account for this family 
of physiological and neurotic tremors may be sum- 
marized as follows: (a) That the rhythm is deter- 
mined by the mechanical properties of the muscle 
or of the muscle twitch; (6) that it is due to the 
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delayed self-correction inherent in the stretch reflex; 
(c) that there is some intrinsic rhythmical propensity 
at the spinal level; and (d) that the rhythm is due 
to driving by higher centres, e.g., the motor cortex. 

It must be observed that the relationship between 
*“ physiological ”’, emotional, thermal, and neurotic 
trembling has never been precisely defined. It is 
therefore not usually possible to be clear as to 
exactly which type or types of tremor these theories 
are held to explain. 

This paper describes the frequency analysis of 
normal and neurotic tremors, the results of which 
suggest a common physiological basis. The definition 
of a neurotic tremor used in this paper is a tremor 
occurring in a person suffering from neurosis. It 
will be seen that from the point of view of the har- 
monic components of neurotic tremors, they are 
largely an exaggerated form of physiological tremor. 
The above definition is therefore a logical necessity. 


Methods 

It was decided to record finger displacement rather 
than finger velocity, acceleration, or the forces exerted 
by the finger. It is the displacement and not the velocity 
or acceleration of the finger which is seen by the clinician 
as tremor. And secondly, it is possible to obtain records 
of velocity or acceleration from the displacement record 
by the simple mathematical or electronic means to be 
described here. 

An inertialess system of recording was felt to be 
necessary, as the effect of the inertia of the trembling 
part (see Halliday and Redfearn, 1956) was not clear 
at the time of the experiments to be reported here, and 
indeed a study of this factor was one of the first items 
on the experimental programme (Redfearn, 1957, 
Appendix F). 

The recording method used, although later modified by 
Cooper and Halliday, was essentially the same as that 
described by Cooper, Halliday, and Redfearn (1957) 
(for details of the earlier version see Redfearn, 1956). 
The index finger or other trembling part interrupted a 
parallel beam of light and cast its shadow over the lower 
half of a slit placed in front of a photocell. The output 
from the photocell, which was linearly related to the 
angular displacement of the finger, was amplified by 
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means of a capacity coupled push-pull amplifier with a 
time constant such that there was less than 5% loss at 
1-5c./sec. The output from the amplifier was used in a 
Hughes four-pen recorder. The other channels of 
recording comprised a signal-marker channel, a record 
of the velocity or acceleration of the finger as obtained 
by one or two stages of electronic differentiation, and 
(usually) the electromyogram of the common extensor of 
the fingers obtained from surface electrodes. The in- 
strument was calibrated by rotating an elliptical disc in 
front of the slit. The relationship between shadow dis- 
placement and pen displacement was linear over the 
range used. The subject was seated comfortably with his 
right forearm supported as in an armchair. The right 
forearm, wrist, and the fingers not being used for record- 
ing were immobilized as far as practicable by splints and 
bandages. Only movement at the metacarpophalangeal 
joint was allowed, the finger being immobilized distal to 
this joint by means of cellulose tape. The subject was 
asked to extend his finger comfortably, not rigidly, so 
that its shadow fell across the photocell slit. No precise 
‘aiming was required. Only severely depressed patients 
were found to allow their fingers to sag sufficiently for 
the shadow to fall away from the slit. No such patients 
were among the groups to be described. 

The photocell housing, the rest for the forearm and 
hand, and the lamp housing were all supported in a 
robust steel and concrete structure so as to avoid any 
artefacts due to vibration under normal recording con- 
ditions. Artefacts produced deliberately by knocks and 
bangs applied to various parts all had a high frequency 
many times those considered in this paper. 

The stretch reflexes in the muscles extending the finger 
were recorded by subjecting the finger to a very sudden 
change in tension and recording the resulting changes in 
acceleration. The method is described by Cooper et al. 
(1957). 

The tremor records were subjected to analysis of their 
harmonic composition. The method of analysis used 
was the Army Operational Research Group wave 
analyser, which is a modification of the Admiralty 
Research Laboratory frequency analyser (Barber, Ursell, 
Darbyshire, and Tucker, 1946). The original record (a) 
(Fig. 1) was enlarged and converted to a black-and-white 
silhouette (5) on a strip of paper. This was placed on the 
circumference of a drum which was made to rotate 
with varying speed. The trace was analysed into its 
harmonic components by a combination of photocell and 
selective amplifier and each harmonic component written 
out as a pen deflection, thus yielding a line spectrum (c). 
Each analysis corresponded with a duration of record 
of about four and a half seconds. In addition to the 
frequency analysis of each record the total tremor was 
measured in units of mean angular finger velocity by 
planimeter. 


Procedure 
Twenty-nine normal and 32 neurotic young men were 
studied. Tremor and stretch reflex records were taken, 
and each man was subjected to a psychiatric interview in 
which certain items in the anamnesis were recorded and 
a clinical diagnosis made. The normal men were con- 
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valescent from various minor physical disabilities or 
maladies, and the neurotic group represented the popula- 
tion of two psychoneurotic wards of a military hospital. 
The records were taken by technical assistants on the day 
following the clinical interview. These technical assistants 
were of the same age and seniority as the subjects and 
the entire recording procedure was made as matter-of- 
fact and reassuring as possible. Several tremor records 
were taken from each subject, at intervals of two or 
three minutes. There was no tendency for the tremor to 
change during the recording session and so average 
values for all records could be taken. It had been expected 
that tremor would subside as the subject became more 
accustomed to the procedure but no such trend occurred 
over the period of 20 minutes or half an hour during 
which records were being taken. 

The qualitative clinical diagnoses being of no use for 
the statistical purposes intended, each subject was given a 
rating on a scale of hysteria, a scale of anxiety, a scale of 
depression, and one of tension. As only six patients 
showed any tension at all this last scale could not be 
used statistically, although the mean tremor amplitude 
for the patients with tension was a good deal higher than 
for those without. A brief description follows of the 
criteria used for rating. 

In view of the virtual absence of text-book features of 
hysteria in most members of the neurotic group, the 
rating of hysteria was based on the degree of discrepancy 
between the emotional display of which the patient was 
aware, and his real feelings as judged from those mani- 
festations of emotion of which he was not aware, and 
from his general conduct. The characteristic being rated 
under this heading is well described by Bleuler (1924) 
in the English translation of whose text-book one 
reads :— 


““In the purely psychic sphere one might mention 
the following permanent symptoms, which though 
belonging essentially to the hysterical disposition are 
also re-inforced by manifest hysteria: lability of the 
affects, moodiness, momentary reactions in all relations, 
with exaggerated affective outburst in various direc- 
tions. The latter display mostly something of the 
theatrical; one has the feeling that the real affective 
force displayed does not quite correspond to the 
amount of crying and tears. ... Under certain con- 
stellations hysterics may temporarily or lastingly 
appear indifferent, poor in feelings, just like in an 
affective torpor.” 


Thus the hysterical individual may be putting up too 
much of an emotional display, or not enough, to be 
consistent with what the psychiatrist judges to be his 
real feelings. This was the criterion used here. Of the 
criteria used it was far the most reliable in practice. The 
rating was carried out on a four-point scale, according 
to whether these characteristics were absent, present, 
marked, or florid. 

The severity of anxiety was rated in a similar manner, 
according to whether it was absent, present, or marked. 
No sufficiently severely anxious patients were in the 
group to be placed in the fourth category which had been 
reserved. The amount of anxiety was assessed according 
to the patient’s statements about his feelings and present 
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TABLE I 
MAIN CLINICAL FEATURES AND MEAN FINGER VELOCITIES OF NEUROTIC CASES 





. Clinical Ratings for | Mean Angular 
Casi Main Clinical Features —, | | - Finger Velocity 
mo *e | Hysteria | Anxiety | Depression | (rad./sec. x 107°) 
| 








Ni Complains of tremor due to bad nerves, of all parts of body. | Hysterical 2 1 1 68-3 
Denies any affect associated therewith. Looks prematurely | tremor 
old and expressionless. 

N2 Complains of feelings of unbearable tension and murderously | Tension 1 2 0 44-4 
aggressive feelings towards officers. Thinks he may have a state 
split mind. Restless, jumpy, smokes 40-50 cigarettes a day. 

N3 | Complains of stomach pains, dizzy spells, weeping spells, | Anxiety 1 2 1 25-7 
worries about things at home, hates Army. Childish state 
manner. 

N4 Complains of anxiety state of 9 years’ duration. Has dizzy | Mild anxiety | 1 1 1 | 33-3 
spells, feels weak over whole of left side, worries about state | 
masturbation. Palpitations, bad dreams. | | 

NS  Wandered off in a fugue for a day. When he “came to” | Hysterical } 2 | 1 0 29-5 
people’s faces looked like gargoyles. Complains of a grey fugue ? 
outlook on life. | 

N6 | Worries about wife being pregnant and not having married | Reactive 1 | 1 | 1 15-3 


quarters. A quiet, inadequate, shy person who suddenly | depression 
attacked his mother-in-law. 
N7 | Complains of headaches caused by exertion. Has to lie down | Hysteria 3 1 0 57-8 
where it is nice and quiet. Puts on a great and continual 
show of suffering. 


N8 | Neck twists towards one side from time to time. No pain. | Torsion 2 0 0 36-0 
Pleasant cheerful manner, seems quite indifferent to illness. | spasm 

N9 | Complains of pains in chest. Fears tuberculosis. Palpitations, | Anxiety | 1 1 | 0 37-0 
funny feelings inside. Worries about masturbation and | _ state } 


homosexual practices. 
N10 Worries about lack of manliness, bad nerves. Cannot sleep. | Reactive 
Dizzy spells, palpitations, headaches, tremor on excitement. | depression 
Quiet and retarded. | 
Nil Browned off. Has had vague ideas of suicide. Moody, always Psychopath | 0 0 1 } 56°5 
in trouble and always rowing with people. Dreamt last night 
he poisoned sergeant’s mother. 


o 
N 


28-0 


Ni2. Fed up with the Army, always in trouble. Always late for | Anxiety 1 1 1 50-7 
parades. ‘* They tell me off and it makes me worse.” state 

N13 Complains of memory slips, feelings of unreality. When his | Anxiety, 0 1 2 34-9 
mind gets clearer he begins to tremble. A tense, rigid | derealization 
personality. 

N14 Must continually wear his hat because he cannot bear people to | Obsessional 0 0 0 31-5 
see that he is going bald. Has to eat separately in his hat. state | 
Thinks about nothing else. 

N15 Complains of tremor of abdominal muscles, arms, and legs. | Hysteria 3 1 0 75°6 


The Army is to blame. Also has palpitations and dizzy 
spells. ‘‘ They ought to send me home.” 











N16 Complains of domestic worries. Cannot be happy anywhere. | Psychopath 0 1 | 0 20-2 
Intends to desert. Does not seem very anxious or depressed with some | 
on examination. anxiety 
N17. Has had headaches and depression with suicidal thoughts since | Reactive 1 0 2 33-4 
groin strain prevented his beloved sprinting. Narcissistic, | depression | 
body conscious, rigid person. | 
N18 | Complains of lack of confidence, shyness, fears of being | Depression | 0 1 2 14-5 
homosexual. Worse for past two years. A good basic | 
personality, capable and likeable. 
N19 Depression, easily flustered and upset since bad shelling in | Chronic 1 2 i 30-0 
Italy. Tires easily, has dizzy spells and palpitations. | anxiety state 
N20 | Dizzy spells, tremor from waist downwards, “ jitters’ since a | Traumatic | 1 1 0 | 12-3 
serious artillery accident. Much aggression towards neurosis 
authority. | 
N21. Dizzy spells, blackouts since joining Army. Much weeping on Reactive | 2 1 2 37-9 
interview. Blackouts occur when he thinks about home. | depression 
N22 | Complains of about 30 obsessional habits “‘whichI write down | Obsessive 0 0 0 24-3 
for the Command psychiatrist.’””, Mood labile, irritable. | personality | 
Little tension. | 
N23 | Complains of having no emotions. ‘‘ Every time I kiss my wife | Depression, 0 0 1 17-2 
I feel like-belting her.”’ Very perfectionistic. derealization } 
N24 | Suicidal attempt with morphine after being told that his | Reactive 0 1 | 2 28-7 
recently adopted homosexual practices could not be cured. | depression } 
N25 | Complains of lack of concentration, restless, always losing | Tension 1 1 0 87-1 
temper with authorities and with wife, sense of internal state 
excitement. Wants to fight his way out. | } | | 
N26 | Preoccupied with thought of having V.D. Dizzy spells, night | Anxiety | i 2 1 41-6 
| terrors, palpitations, headaches. Has always been babied | state 
excessively. 
N27 | Headaches, retardation, poor sleep since concussion 5 months | Depression 0 1 2 16-7 
previously. Always has been shy and suffered from bad | | } 
| nerves. | | 
N28 Always tired, depressed, cannot eat or sleep since girl jilted | Depression 0 1 2 22:9 
him 18 months previously. Suicidal attempt. 
N29 | Complains of suicidal tendencies. Weeps a great deal, talks | Inadequate, 2 1 1 | 47-9 
| incessantly of domestic worries including religious wife who | hysterical 
| neglects him. } 
N30 | Complains of bad nerves all his life. Gets pains in head when | Anxiety- | 2 1 0 25-4 
ie shout at him. Cannot stand filthy language. Pains hysteria 
; in chest. 
N31 Dizziness, blackouts, and headaches caused by noise. Many | Hysterical, 3 1 0 61-0 
| __ tears during interview. | inadequate | 
N32 | No appetite, head has felt heavy for 6 months. Many anxiety | Anxiety 0 | 1 1 | 26:7 
| symptoms. He is falsely mocked as a homosexual by his | state 
| fellows. 
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Fic. 2.—Intra-group and intra-individual variations in frequency and amplitude. The records were selected 
at random. The same amplitude (vertical) and frequency (horizontal) scales are used throughout. 
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illness, and from anxiety symptoms and signs at inter- 
view. Although at first sight easier to rate than hysteria 
as defined above, it was in practice less satisfactory, as the 
various alleged manifestations of anxiety are relatively 
independent of each other in their occurrence. 

None of the patients in the neurotic group was severely 
depressed. Each neurotic patient was rated according to 
whether he was not depressed, or mildly depressed, or 
moderately depressed, as judged mainly from his own 
statements. In all the ratings zero means that the 
characteristic was absent and the other figures are in 
increasing order of severity. 


Results 


The results given below apply to the tremor of 
the right index finger, although they seem to apply 
qualitatively to other fingers and indeed to other 
parts of the body. The main clinical features, clinical 
diagnosis, ratings, and the mean angular finger 
velocity of each neurotic subject are recorded in 
Table I. The mean finger velocity for the neurotic 
group was 36°6 radians per sec. x 10% (S.D. 18-4 
radians/sec. x 10°). The mean finger velocity of 
the normal group was 18-3 radians/sec. x 10° 
(S.D. 4:9 radians/sec. x 10%). About half of the 
neurotic group have values higher than the highest 
normal value. The clinical findings in the normal 
group are not given here as apart from two ratings 
of one in “ hysteria’’ and one in “ anxiety ’’ they 
were entirely negative. 

A random sample of neurotic and normal fre- 
quency spectra is shown in Fig. 2, together with 
10 spectra from one normal individual taken at 
different times of the day. It is seen that both 
amplitude and frequency composition show the 
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same sort of variations between individuals as in 
the same individual at different times, although the 
extent of the latter source of variance is not, of 
course, so large. Variations in harmonic composition 
in the same individual occur over periods of seconds. 
Samples of records of 10 seconds duration do not 
show nearly as much variation as the four-second 
samples shown. 

Instead of analysing a sample of record of longer 
duration, corresponding lines of different spectra 
from the same individual may be averaged (Fig. 3) 
to form a composite spectrum for the individual. 
The same procedure may be followed for a group 
of individuals. The composite spectrum for 
groups of individuals is similar to the composite 
spectrum of one individual, but not identical, as 
there are some differences of harmonic composition 
between individuals. 

The main objection to the taking of simple means 
in order to arrive at average or composite spectra is 
that, if the distribution of tremor amplitudes among 
individuals were not normal but skewed, the com- 
posite spectrum would over-emphasize higher or 
lower values. Tremor amplitudes do, in fact, have a 
markedly skewed distribution, such that the loga- 
rithms of the amplitudes have a much more nearly 
normal distribution than do the amplitudes them- 
selves. It is therefore, strictly speaking, far less 
exceptionable to obtain a composite spectrum for a 
group only when all members of the group have 
comparable amplitudes. To square amplitudes and 
obtain root mean square values for a group of 
individuals, as some physicists would do, would 
mean that the composite root mean square spectrum 


: aaa dal x Composite partial spectrum for 29 normal adult males. 


a —e Composite partial spectrum for 22 separate records 
\ from one (normal) individual. (The amplitude scale is arbitrary) 
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Fic. 3.—The composite spectrum of one normal individual. 
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for a group would, in fact, merely be the spectrum 
of the one or two individuals with the largest 
amplitude. 

If the tremor spectra of individuals with com- 
parable amplitude are meaned, displacement spectra 
for neurotic and normal sub-groups are obtained as 
in Fig. 4 (a). These displacement spectra represent 
the frequencies of tremor as seen clinically. The 
spectrum for the high-amplitude neurotic group 
appears qualitatively different from those of the 
other groups in that there is a hump around 5 or 
6c./sec. (as in Charcot’s teaching). The other 
spectra appear to fall off in amplitude progressively 
with frequency more or less in accordance with the 
relationship 

amplitude < square of frequency = a constant 
(cf. Halliday and Redfearn, 1956). 

The sharp peak in all the spectra at just under 
12 c./sec. is an artefact caused by using squared 
paper on the frequency analyser. 

Displacement spectra are of no great interest 
apart from representing the clinician’s sensory data. 
To represent the forces playing upon the trembling 
part, acceleration spectra (Fig. 4 (5) ) are obtained 
from the displacement spectra by multiplying the 
latter by the square of the frequency. (Again, the 
values for 12 c./sec. should be ignored.) It is now 
seen that all the sub-groups show forces acting with 
peak amplitudes at around 8 or 9 c./sec. This sug- 
gests that the mechanism underlying the tremor of 
all the sub-groups is a common mechanism causing 
muscular forces to fluctuate with a rhythm of 8 
or 9 c./sec. 


Tremor Frequency and Diagnosis 

From the neurotic patients were selected those 
fitting most readily into the commonly accepted 
diagnostic categories, namely, hysteria, anxiety 
state, reactive depression, and so on. From each 
case a tremor record was selected at random and 
these records are presented together in Fig. 5. It is 
obvious that there are no well-marked differences in 
frequency content from one diagnostic group to 
another, although there is a suggestion, borne out 
statistically, of a greater amplitude in the case of 
hysterical patients and a smaller amplitude in the 
case of the depressed patients than in their neurotic 
fellows. The composite displacement and accelera- 
tion spectra for the patients with high hysteria and 
anxiety ratings, as compared with the normal group, 
are respectively shown in Figs. 6(a) and (6). As 
with Fig. 4 (a), comparison of the displacement 
spectra shows a tendency for the hysterical group to 
show a bulge at around 5 or 6c./sec. and for the 
anxiety group to show a bulge at around 8 c./sec., 
as does the normal group. Again this observation 
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accords well with those of Charcot and his puj)ils, 
However, the acceleration spectra, which can be 
taken approximately to represent the muscular 
forces involved, show up the large degree of simi- 
larity of frequency distribution among the different 
diagnostic categories. 


Stretch Reflexes and Tremor Amplitude 

These findings will be described more fully in a 
later communication. It is sufficient here to state 
that in the normal group there was no correlation 
between the size of the reflex response to sudden 
stretch on the one hand and tremor amplitude on 
the other. In the neurotic group, however, there was 
a significant positive correlation between the two 
variates. The observations on the normal group 
agree with those of Halliday and Redfearn (1956). 


Discussion 

The visual inspection of a trembling limb or of a 
tremor record gives only an extremely approximate 
idea of the frequency components of the tremor, 
except in the case of a more or less pure rhythm 
such as occurs in Parkinsonism. The main reason 
for this unreliability is that one tends to perceive 
only the high frequency components of a tremor and 
to ignore the low frequency components (Redfearn, 
1956). Although for some experimental purposes 
it is possible to select a subject who often shows a 
very pure and well marked rhythm, the only valid 
method of describing the tremor of most individuals 
over a period of minutes or longer, or of describing 
the tremor of a group of individuals, would seem 
to be in terms of a frequency spectrum. 

As it is muscular forces which are responsible for 
tremor, it is the frequency distribution of these forces 
(or the accelerations which result from these forces 
and which are directly proportional to them) which 
is of greatest interest. Whether we divide our neu- 
rotic population according to amplitude of tremor 
or according to diagnosis, it is clear that the most 
striking finding, indeed the only reliable finding, is 
of a similarity of the shape of the spectra not only 
with each other but with the spectrum of the group 
of normal individuals. Both the normal and the 
neurotic spectra show, first, tremor at all frequencies 
which by analogy can be termed noise, i.e., random 
activity at all frequencies. Secondly, there is a distinct 
peak around 8 c./sec. in all groups. 

The neurotic group as a whole shows a sub-peak 
at 13 c./sec., but this finding cannot be considered 
reliable, as the displacement spectra, from which 
these acceleration spectra were obtained (by multi- 
plying by frequency squared), were diminishing 
rapidly at this frequency and were not much above 
the noise level of the apparatus. A much more 
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FREQUENCY ANALYSIS OF TREMOR 


Case N1 (1st record) 
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Case N8 (4th record) 
Hysteria 


Case N15 (4th record) 
Hysteria 


10 
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Hysteria 
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Case N17 (5th record) 
Cerression 
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Case N18 (3rd record) 
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Case N24 (5th record) 
Reactive Depression 
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Case N2 (1st record) 
Tension State 
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Case N25 (2nd record) 
Tension State 


Case N14 (2nd record) 
Obsessional State 
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Case N22 (2nd record) 
Obsessive Personality 
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Case N32 (3rd record) 
Anxiety State 


Case N13 (4th record) 
Derealization 
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Fic. 5.—Tremor and diagnosis: displacement frequency spectra of randomly selected records from typical 
cases of various diagnostic categories. The same amplitude scale is used throughout. 
















312 J. W. T. REDFEARN 


3 


\ —-——-——-— hysteria rating "2°23 per 
\ e—-——e——-e anxiety rating 2 whi 

x——-—x——-» anxiety rating ‘I'e 2 int 
Normal persons oan 





displacement (radians x 107°) 


BeBeRaRE 











frequency in cycles per second Fig. (a) we 


Fic. 6 (a).—Average displacement frequency spectra, and (b) average gr 
turning-moment frequency spectra of hysterical patients, patients 
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reliable finding is a sub-peak or bulge at 5-6c./sec. the groups studied here, and evidently in Charcot’s 
in the acceleration spectra, and particularly notice- experience, the subjects with the tremor of greatesi 
able in the displacement spectra, of those neurotic amplitude were often hysterical, but no definite rule 
subjects with the tremor of greatest amplitude. In is possible. 





FREQUENCY ANALYSIS OF TREMOR 


Generalizations are only possible about dominant 
frequencies if the tremor is recorded over longer 
periods than the four or five seconds of record from 
which were obtained the individual spectra shown 
in this paper. During periods of a few seconds there 
may be waves or runs of waves at any frequency 
between about 5 and 12, or even more, so that the 
spectrum shows a marked hump or perhaps two or 
three humps at the corresponding frequency or 
frequencies. In order to obtain a smooth and repro- 
ducible spectrum from one individual it is preferable 
to record tremor over a minute or two, although this 
depends somewhat on the method of frequency 
analysis in use. 

From the similarity of the general shape of the 
force spectra of the normal and neurotic groups, and 
also from the similarity in general character of the 
tremor trace (apart from amplitude), it can be argued 
that whatever the factors are which determine 
tremor frequency, normal and neurotic tremors may 
well possess these factors in common, to a large 
extent. Even the apparent differences, for example, 
the increased activity at about 5 c./sec. in the 
grossly tremulous neurotics, probably only represent 
exaggerations of normal processes, because slow 
waves or runs of slow waves do occur in normal 
records. 

It is shown elsewhere (see Lippold, Redfearn, and 


Vuéo, 1957a, for a preliminary communication) that 
a peak of activity at 8-10 c./sec. occurs in the tremors 
of emotion (waiting for an important interview), of 
shivering from cold, of muscular fatigue, and of 


thyrotoxicosis. It would appear that, as a first 
approximation at least, neurotic tremors may in 
many or most cases be placed in this category of 
tremors. Of course, it is only to be expected that 
with refinements of technique and larger numbers 
of subjects, valid distinctions between subgroups 
may be possible. 

Evidence is presented elsewhere (Halliday and 
Redfearn, 1956, 1957; Lippold et a/., 1957a and b) 
which can be interpreted as supporting the hypothe- 
sis that the mechanism underlying the 8-10 c./sec. 
peak is “* hunting ’’ in the stretch refiex servo loop. 
However this may be, the mechanism underlying 
the random or noisy element of tremor, possibly 
the more important element, and the mechanisms 
underlying the variations in amplitude of tremor, 
remain unclear. Any tendency towards synchronous 
firing of motoneurones would increase the random 
element of tremor, and there are undoubtedly several 
ways in which this tendency might be brought about, 
including motoneurone damage and _ increased 
Renshaw inhibition. 
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Summary 


Finger tremor was recorded by a photo-electric 
method in 29 young adult normal male subjects and 
32 psychoneurotic subjects of similar age, sex, and 
background. The tremor records were subjected 
to automatic frequency analysis. Each control and 
neurotic subject had a psychiatric interview and was 
rated for hysterical features, anxiety, and depression. 

The neurotic group was subdivided according to 
(a) diagnosis and (5) magnitude of tremor. However, 
the group was sub-divided, the subgroups all showed 
fundamentally the same shape of frequency spec- 
trum as each other and as the normal group. The 
peak of tremor activity in all groups occurred at 
about 8 c./sec., rising from a plateau of random or 
irregular activity. The neurotic subjects with the 
most tremor showed a sub-peak at 5-6 c./sec. and 
these neurotic subjects were often the ones with high 
ratings in hysteria. Compared with the main peak 
this sub-peak is not very marked in terms of the 
forces involved. The general amplitude of tremor 
was, of course, much higher in the neurotic group 
as a whole than in the normal group. The funda- 
mental similarity in frequency spectra, apart from the 
relative size of the 5-6 cycle component, suggest that 
the mechanisms which determine tremor frequency 
may be largely common to both normal and neurotic 
groups, although the mechanisms determining am- 
plitude are clearly more active among the neurotic 
subjects. 
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BOOK REVIEWS 


An Atlas of Muscle Pathology in Neuromuscular 
Diseases. By J. Godwin Greenfield, G. Milton Shy, 
Ellsworth C. Alvord, Jr., and Leonard Berg. (Pp. ix + 
104; 12 figs. 45s.) Edinburgh and London: E. & S. 
Livingstone. 1957. 


In the words of the authors, this book attempts to 
answer two questions: (1) What are the fundamental 
reactions of muscle to disease ? (2) With what clinical 
entities are these reactions associated ? 

In answering the first of these questions, they are con- 
cerned less with breaking new ground than with clearing 
away old ambiguities arising from the use of terms 
such as “ degeneration’ and “ inflammation”. In the 
result, they have listed the changes which they themselves 
have observed in 121 muscle biopsies under a number of 
descriptive terms, avoiding, as far as possible, un- 
warranted implications as to the nature of the patho- 
logical process involved. In order to avoid bias, they 
took their material “* blind ”’ in the first place, and only 
attempted the clinical correlation after reaching common 
agreement on their findings. 

Two-thirds of the book consists of a lavishly illustrated 
description of various pathological changes in muscle. 
The remaining third is mainly devoted to analytical 
tables showing the relative frequency of these changes 
in a number of fairly well-defined clinical conditions, 
which the authors group under four headings, namely, 
“* distal muscular syndromes ”’, “ myotonic syndromes ”’, 
“proximal muscular syndromes”, and “ myasthenia 
gravis ”’. 

What this amounts to is a careful and weil-presented 
piece of research, based on a small number of histological 
techniques and on limited material. The authors have 
relied almost entirely on two stains—haematoxylin and 
eosin and Masson trichrome—and have not made use of 
specific stains for nervous elements. This abstemiousness 
rather detracts from the interest of the chapter on 
** Changes in Muscle Spindles and Peripheral Muscular 
Nerves ”’. 

The standard of photography and reproduction, in 
black and white and in colour, is very high, and clearly 
correlated with the price of the book. It is not always 
clear why colour reproduction has been used, and one 
is often left unsure whether the striking differences in 
staining reactions of muscle fibres in different trichrome 
preparations are due to changes in the tissues or to 
vagaries of technique. 

The use of the word “atlas” in the title is a little 
misleading. This book is not, and does not set out to be, 
a comprehensive illustrated work of reference. 


Handbuch der Speziellen Pathologischen Anatomie und 
Histologie, edited by O. Lubarsch, F. Henke, and R. 


Rossle. Volume XIII, Parts | and 2, edited by W. Scholtz. 
(Part 1: pp. xvi + 1,070; 466 figs. Part 2: pp. x + 753: 
356 figs. unbound, DM 583.-, bound, DM 596.-.) 
Berlin-Géttingen-Heidelberg; Springer-Verlag. 1957 


Volume XIII of this handbook constitutes the most 
authoritative and comprehensive work at present avail- 
able in the field of neuropathology. Against its truly 
formidable price must be set the fact that there is nothing 
like it. 

Of the two parts under review, the first is concerned 
with the general aspects of nervous disease, and with 
the special features of the group of diseases which are 
commonly regarded as degenerative. The second deals 
with vascular and circulatory disturbances. Contributors 
include Scholtz, of Munich (general histopathology and 
certain aspects of neurovascular disease); Noetzel, of 
Frieburg-im-Breisgau (myoclonus epilepsy, Jacob- 
Creutzfeld disease, Christensen-Krabbe disease); Haller- 
vorden, of Giessen (diffuse sclerosis, Huntington’s and 
other forms of chorea, Parkinsonism); Ule, of Kiel 
(cerebellar atrophy, Friedreich’s ataxia); Jacob of Ham- 
burg (cell degeneration, strangulation); Eicke, of Mar- 
burg (Wilson’s disease, cerebral endangiitis obliterans); 
Friedrich, of Berlin (spinal paralyses, Werdnig-Hoffmann 
disease, amyotonia congenita); Meesen and Stochdorph, 
of Diisseldorf (embolism, thrombosis, arteriosclerosis): 
Haymaker, of Washington, D.C. (decompression sickness 
and atmospheric hypoxidosis); and others. 

The standard of illustration is very high, and each 
section is capped with an exhaustive bibliography. 


Autonomic Nervous System. British Medical Bulletin, 
Vol. 13, No. 3. (20s.) London. 1957. 


The editors of the British Medical Bulletin have once 
again produced a volume of exceptional worth, and all 
who are interested in the nervous system should study 
this issue. There are authoritative sections from nearly 
20 contributors under the general direction of Professor 
J. H. Burn. Sir Henry Dale writes a striking intro- 
duction, in which he concludes: 


** And now this number of British Medical Bulletin, 
reviewing what is known today about the autonomic 
nervous system and its functions, and following freely 
the leads offered by implication and analogy, gives 
the reader an exhilarating sense of the imminence of 
further developments, needing only special skill, allied 
with scientific vision and bold enterprise, to open new 
and ever widening vistas of knowledge, concerning 
junctional transmission in the nervous system as a 
whole.” 
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Anatomies of Pain. By K. D. Keele. (Pp. x + 206; 
illustrated. 27s. 6d.) | Oxford: Blackwell Scientific 
Publications. 1957. 


in this book Dr. Keele traces briefly the history of 
ideas on pain mechanisms. Amongst primitive cultures 
and indeed in some highly organized civilizations such 
as those of India, China, and early Greece, the heart 
had pride of place as the organ of sensation, including 
pain. The Aristotelian view on pain which placed the 
blood vessels and heart as the essential structures had 
unfortunately a long life—lengthened by the coming of 
the Dark Ages and it must be admitted by a certain 
scientific obscurantism amongst the Fathers of the 
Church. The rival view that the brain was the essential 
organ, expressed by Galen though probably derived 
from the information afforded by the burial customs of 
Egypt, came once more to prominence after the Renais- 
sance. Soon afterwards the story becomes one of 
experimental observation and deduction. Although the 
search for a “ sensorium commune ”’, which would em- 
brace pain as well as other sensations, influenced thought 
and observation right up to the nineteenth century, it is 
interesting to see how individuals now and then broke 
away from current conceptions and made both deductions 
and inspired guesses that were later confirmed as part 
of our modern physiology of sensation. The main points 
of this, and some still lively controversies, are mentioned 
briefly in the last two chapters. 

Dr. Keele’s book is a thoughtful and scholarly intro- 
duction to that background of ideas which has inevitably 
influenced our views on pain today. As the author him- 
self points out, the past history of the development of 
scientific views can be as useful in understanding the 
present position as the past history of the patient in 
appreciating the significance of his present symptoms. 

C. W. M. Whitty. 


Die Stérungen der Schriftsprache (Agraphie und 
Alexie). By A. Leischner. (Pp. 288; 47 figures. DM 
30.-.) Stuttgart: Georg Thieme. 1957. 


This is a monograph in the German neurological 
tradition, thorough and comprehensive—and perhaps a 
trifle heavy-handed. 

Dr. Leischner presents a most competent review and 
appraisal of alexia and agraphia, illustrated by reports 
of 36 personally observed cases.. Although in none of 
these cases did a disorder of reading or writing present in 
completely isolated form, in the majority it was the most 
outspoken feature in the clinical picture. The relation 
of these disorders both to one another and to other 
aspects of language disturbance is considered in some 
detail and an adequate account given of the various lines 
of theoretical interpretation. 

The author considers that it is appropriate to dis- 
tinguish between “ primary’ and “ secondary” brain 
functions. The former are said to be linked with original, 
unlearnt bodily activities and to possess determinate 
cerebral localization. The second are concerned with 
functions acquired by experience and are said to show 
much greater variability in organization and in cerebral 


localization. Reading and writing clearly fall into the 
second category. In consequence, they are held to show 
only a relative degree of cerebral localization. Dr. 
Leischner claims that his clinical findings are in broad 
agreement with such a view. 

As with many contemporary German monographs, 
the contribution of workers other than continental is 
somewhat under-represented. Thus no mention is made 
of Holmes’s celebrated case of “‘ pure word-blindness ”’, 
published as long ago as 1950, and little attention is given 
to American work other than that of Orton and Nielsen. 
It may be hoped that this somewhat parochial aspect of 
contemporary German neurology is but a passing phase. 

Dr. Leischner’s work is careful and solid. His mono- 
graph will be of value to all concerned with the analysis 
of patterns of psychological breakdown due to cerebral 
lesion. 


Brain and Consciousness. By Hartwig Kuhlenbeck. 
(Pp. vi + 348; 22 figures. Sw. fr. 34.60.) Basel: S. 
Karger. 1957. 


This book comprises a scholarly account of the history 
and present-day conceptions of the subject. The author 
treats with easy confidence the outlook of the philosopher, 
the physicist, the psychoanalyst, the comparative 
anatomist, and the neurophysiologist. By using the word 
** consciousness ”’ the title becomes misleading, as other 
aspects of so-called mental activity are also considered 
at length. This book will be read with interest and 
profit by those who take an interest in how the brain 
works. 


L’Instinct dans le comportement des animaux et de 
homme. By M. Autuori, M.-P. Benassy, J. Benoit, 
R. Courrier, Ed.-Ph. Deleurance, M. Fontaine, K. von 
Frisch, R. Gesell, P.-P. Grasse, J. B. S. Haldane, Mrs. 
Haldane-Spurway, H. Hediger, M. Klein, O. Koehler, 
D. Lehrman, K. Lorenz, D. Morris, H. Pieron, C.-P. 
Richter, R. Ruyer, T.-C. Schneirla, and G. Viaud. 
(Pp. 796; 206 figures. Fr. frs. 6,500.-.) Paris: Masson, 
1956. 


Instinct in Man. By R. Fletcher. 
London: Allen & Unwin. 1957. 


These two books represent, in striking juxtaposition, 
widely different approaches to the study of instinct. The 
first comprises the papers and discussions of a symposium 
organized in 1954 by the Fondation Singer-Polignac, and 
the emphasis is upon experimental and other empirical 
data. In the second, the substance is theoretical and the 
facts are those adduced by the authors whose views 
Dr. Fletcher discusses. 

The first work is massive and many of the contribu- 
tions represent sustained and detailed studies of “ in- 
stinctive’’ and “ appetitive”’ patterns in particular 
genera. Much of this material will be fresh to the general 
reader, but anyone who has time to absorb it will find 
numerous points of interest and be spurred to reframe 
any general view of the mechanisms underlying these 


(Pp, 348. 40s.) 
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forms of behaviour which he may have developed. The 
constant attempt of many of the authors to view be- 
havioural relationships in connexion with their ana- 
tomical and physiological correlates is likely to appeal 
to the neurologist reader. Those with any acquaintance 
with contemporary comparative psychology will have 
little difficulty, from an inspection of the list of sym- 
posiasts, in guessing the lines of controversy which are 
developed in discussion. But it should be emphasized 
that there is much solid and valuable material in the 
book and it forms an attractive album for perusal by 
anyone wishing to get an idea of current developments 
in this field. 

Dr. Fletcher, on the other hand, writes primarily for 
those who feel the need for a broad survey of past and 
present doctrine about instinct—for readers who do not 
welcome contact with sharp-edged fragments of em- 
pirical fact. He has much that is always cautious and 
sometimes interesting to say about the contributions of 
McDougall, Freud, Lorenz, and Tinbergen. But the 
book does not achieve the status either of objective 
critical history or of balanced scientific exposition. It 
seems sad, for instance, that in a book of this character 
the contribution of Alexander Shand, in some respects 
more distinguished than that of William McDougall, is 
not examined. Nor is there any attempt to give an account 
of the influences responsible for Freud’s initial conception 
of “ instinct ’’. So far as the work of the “ ethologists ” 
is concerned, it seems a pity that Dr. Fletcher does not 
summarize and assess the lively criticisms of their 
theoretical position recently current in this country and 
in the U.S.A. It may be that even those students of the 
social sciences to whom the author seems chiefly to 
address himself might prefer something more pointed, 
if less tidy and comfortable than this book. 


Perceptual Processes and Mental Illness. By H. J. 
Eysenck, G. W. Granger, and J. C. Brengelmann. 
(Pp. 144. 25s.) London: Chapman & Hall (Maudsley 
Monographs, No. 2). 1957. 


This book reports an investigation designed to select 
perceptual tests suitable for the detection of traits having 
potential psychiatric significance. The authors hope 
that a well-chosen battery might be more reliable and 
convenient to administer than conventional interviews and 
questionnaires. This idea is in itself clearly attractive 
and sensible. The outcome of each test is presented in 
terms of differences between three groups of subjects 
independently assessed as “* normal ”’, “ neurotic’, and 
“* psychotic ’’, the latter two descriptions corresponding 
with Eysenck’s known conceptions. The tests themselves 
cover a wide range of sensory and perceptual functions, 
from dark adaptation and flicker fusion to visual illusions 
and object-recognition. They clearly represent a great 
variety of physiological levels. Some non-perceptual 
tests such as those of salivary output and coordinated 
motor function are also described. 

The worth of this investigation, at least, so far as it is 
reported, is very largely undermined by failure to take 
those finer precautions in execution and interpretation 
which generations of experiment on visual perception 
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have shown to be necessary. As regards execution we 
may cite a single example, the test of critical frequency 
of flicker fusion. No significant differences between the 
results for the three groups were found here, and the 
authors are inclined to lay the blame for this upon 
acknowledged inadequacies in their apparatus. They 
continue (p. 42) “* Eysenck (1954), who predicts from his 
general theory of introversion and extroversion that 
extroverts or hysterics will have a higher C.F.F. than 
introverts or dysthymics, recently attempted to connect 
C.F.F. with qualities of temperament. If his prediction 
is borne out, a link will have been forged not only 
between C.F.F. and temperament but also with condition- 
ability (Franks, 1954) and other phenomena subsumed 
under the same theory.” These are brave, even gran- 
diose, words. (Many who have a more detailed interest 
in the factors determining critical flicker frequency 
would be glad to feel that they knew enough to be able 
to predict anything regarding its relation to any function 
standing higher in the psycho-physiological hierarchy.) 
But they are words which accord ill with the absence 
in the authors’ report of any indication that ocular 
fixation and movements were controlled. Had any 
differences been found they could well have been due to 
differences in these respects. 

Neglect of the commoner precautions in interpretation 
may be exemplified from those tests, such for instance as 
the Gottschaldt perceptual closure tests, in which per- 
formance is assessed in terms of speed (number of tasks 
correctly done in unit time). Here again the results were 
not significant. But had they been, as was predicted, 
there would have been no reason to suppose that the 
difference had anything special to do with the perceptual 
function in question. Psychotic and neurotic subjects 
might well do worse than normals on any test demanding 
the performance of a series of separate but related tasks, 
whether visual, motor, or intellectual. 

At a time when the experimental psychologist is pre- 
sented with many notable opportunities for work which 
can be of real significance to neuropsychiatry while at 
the same time advancing his own field of interest, it is 
disappointing to find such gratuitous disregard of 
principles of investigations which have been so hardly 
won, and which not all the factorial computing machines 
in the world can replace. Psychiatrists and others 
responsible for *‘ measuring personality functions likely 
to be important in military, industrial, and educational 
selection ” would do well before placing much reliance 
upon these tests to consider carefully the precise con- 
ditions of their administration and evaluation. 


An Introduction to Psychopathology. By D. Russell 
Davis. (Pp. vi + 388; 30s.) London: Oxford University 
Press. 1957. 


The psychological laboratory makes important con- 
tributions to the understanding of mental disorder, and 
indeed the psychological research worker is well placed 
to balance the various influences which come to bear 
on the study of mental disease. Like the psychiatrist, his 
main weakness lies in his limited knowledge of clinica! 
neurology and neurophysiology, but in general this is 
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an excellent account of existing knowledge, and can be 
recommended with every confidence to all concerned 
with the subject. 


An Introduction to Electromyography. By Fritz 
Buchthal. (Pp. 43; 8 figures.) Copenhagen: Gyldendals 
Presseafdeling. 1957. 


This simple introduction to electromyography is a 
useful guide to those who wish to take up the subject. 





Proceedings of the Second International Congress of 
Neuropathology, London, 1955 


At the request of the Organizing Committee of the 
Second International Congress of Neuropathology held 
in London, 1955, all reports, communications, and 
discussions presented to this congress have been published 
by the Excerpta Medica Foundation. 

These Proceedings (edited by Dr. W. H. McMenemey) 
consist of three parts, Parts I and II containing 650 pages 
of text, and Part III containing 156 plates. 

The Proceedings can be ordered from EXxcCeRPTA 
MepICA FOUNDATION, 111 Kalverstraat, Amsterdam, 
The Netherlands, at the price of £4 10s., fl. 50.-, or 
$12-50. 





International Association of Applied Psychology 


The XIIIth Congress will be held in Rome from 
April 9-14, 1958. 


Those who wish to attend should apply to: 


Segreteria del XIII Congresso, 
Internazionale di Psicologia Applicata, 


Instituto Nazionale di Psicologia del C.N.R., 
Piazzale delle Scienze 7, 
Roma (italia). 





Sherrington Memorial Lecture 


The first Sherrington Memorial Lecture, organized by 
The Royal Society of Medicine, will be delivered by 
Lord Adrian, O.M., M.D., F.R.S., in the Society’s House 
at 8 p.m., on Wednesday, November 27, 1957. 

The subject of the lecture is “ The Analysis of the 
Nervous System ”’. 

Admission will be by ticket only and applications for 
tickets may be made to the Assistant Secretary of the 
Society. 





Correction.—The title of the paper by W. B. Mathews 
in the last issue of the Journal (20, 172) should read 
“ Familial Calcification of the Basal Ganglia with 
Absence of Response to Parathormone.”’ 
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DRAMAMINE’ IN VERTIGO 


Labyrinthine Disturbance 


The remarkable relief afforded by Dramamine in motion 
sickness has led to its effective use in controlling 
various other clinical conditions characterised by vertigo 


Vertigo, it has been claimed,t is primarily due to a 
disturbance of the organs of the body that aresrespon- 
sible for body balance. When the posture of the 
head is changed, the gelatinous substance in the semi- 
circular canals begins to flow. This flow initiates 
neural impulses which are transmitted to the vesti- 
bular nuclei and thence to different parts of the body 
such as the eye muscles, the cerebellum and skeletal 
muscles, the emetic centre, and the cerebrum. Vertigo 
may be caused by a disease or abnormal stimuli of 
any of these tissues involved in the transmission of 
the vertigo impulse, including the cerebellum and 
the end organs. 

Dramamine’s therapeutic efficiency is believed to be 
the result of suppression of the over-siimulated laby- 
rinth of the inner ear which is the point at which the 
impulses causing the various disturbances originate. 


SEARLE 


Thus, Dramarnine prevents the resulting symptom 
complex of vertigo, nausea and finally vomiting. 
The remarkable relief given by Dramamine in motion 
sickness led to studies of its value in allied conditions, 
and it is now widely used for the nausea and vomiting 
of pregnancy, electro-convulsive therapy, certain 
drugs and narcotisation ; for vestibular dysfunction 
associated with streptomycin therapy ; and for vertigo 
in Meniéres syndrome, hypertensive disease, fenestra- 
tion procedures, labyrinthitis and radiation sickness. 
Dramamine (brand of dimenhydrinate) is supplied in 
tablets of 50 mg. in bottles of 12, 36, 100, 500 and 
1000 tablets and in cartons (10 strips of 10 tablets). 
Dramamine for injection is available in multidose 
vials of 5 c.c. containing 250 mg. of Dramamine. 
G. D. Searle & Co. Ltd., High Wycombe, Bucks. 
Telephone : High Wycombe 1770. 


t** Dizziness *’ : Vertigo and Syncope 
G.P. 8.35 (Nov.) 1953. 


*Regd. Trade Mark 
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‘KEMADRIN’ Offers 2 greater measure of symptomatic relief to the victims of 
Parkinson’s disease. A synthetic compound, it produces fewer side effects 
than do the traditional belladonna and stramonium alkaloids. 

Though not significantly affecting tremor, ‘ Kemadrin’ produces a marked 
reduction of the disabling ‘‘cog wheel ’’ rigidity. Muscular co-ordination is 
improved, and the greater activity which patients are free to enjoy is reflected 
in improved emotional tone and a more cheerful outlook. 

*‘Kemadrin ’ is issued as tablets of 5 mgm. (scored for division) in bottles 
of 25, 100 and 500. Further information on request to The Wellcome 


*KEMADRIN’ 


BRAND 
PROCYCLIDINE HYDROCHLORIDE 


IN PARALYSIS AGITANS 


BURROUGHS WELLCOME & CO. (The Wellcome Foundation Ltd.) LONDON 
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PACGATAL 


10-(N-methyl-3-piperidylmethyl) phenothiazine TRADE MARK 











Pacatal is the improved tranquillizing drug 
with a range of activity significantly different 
in some aspects from that of chlorpromazine. 


Within the psychiatric field, response to Pacatal 
is most marked 


in the treatment of 
PARANOID SCHIZOPHRENICS 
AGITATED DEPRESSIVES 
SENILE PATIENTS 


Pacatal tends to produce better results in 
patients over fifty than in the younger age 
groups and it has also been observed that 
women often respond better than men. 


Presentation: 

Tablets 25 and 100 mg. in bottles of 50 and 500. 
Ampoules, each containing 50 mg. in 2 ml. 

in boxes of 10 and 50. 


WILLIAM R. WARNER & CO. LTD., EZ] LONDON and EASTLEIGH. 
PAC 362/1 
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MANUFACTURED BY 


MAY & BAKER LTD 


An M&B brand Medical Produc: 





« 


Largactil 


IN chlorpromazine 
hydrochloride 


PSYCHIATRY AND NEURO-SURGERY 











PSYCHIATRY The unique sedative action of ‘Largactil’ is of particular 
value in the symptomatic control of psychomotor overactivity such as 
may occur in schizophrenia, manic-depressive states, paranoid psychoses, 
and senile dementia. The patient is calmed, and in this state is usually 
receptive to whatever therapeutic measures may be indicated. 
NEURO-SURGERY The use of ‘Largictil’ as an adjuvant to anaes- 
thesia for neuro-surgery is now extensively recognized. The principal 
indications are: to reduce pre-anacsthctic apprehension; to enhance or 
facilitate anaesthesia; to prevent post-operative nausea, vomiting, and 
hiccup (especially valuable in patients with head injuries); and to 
minimize traumatic shock. 

Detailed information is available on request ‘ 

Presentations Tablets 10 mgm., 25 mgm. and 100 mgm. Syrup containing 
25 mgm. per 3-6 c.c. (approx. | teaspoonful). Solutions for in‘ection : 1 % in 
5 c.c. ampoules, 2:5% in 1 c.c. and 2 c.c. ampoules. Suppositories each 
containing 100 mgm. base. 


MA 4521 


DISTRIBUTORS: PHARMACEUTICAL SPECIALITIES (MAY 


& BAKER) LTD + DAGENHAM 
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Steadier hand... 


brighter outlook... 


With a steadier hand, the patient gains a new confidence that 


brightens his entire outlook on life. Repeatedly ARTANE tri- 
hexyphenidyl has brought such material benefit to patients 
suffering from Parkinsonism, because it relaxes spasm, reduces 
tremor and overcomes inertia. Not only does the physical 
condition improve after ARTANE, but the patient becomes 
more cheerful, alert and responsive. 


ARTANE 


TRIHEXYPHENIDYL *Recp. TRADE Mark 
in the treatment of Parkinsonism 


ELIXIR 2 mg. per 5 c.c. TABLETS 2 mg. and 5&5 mg. 
Bottles of 16 fluid ounces Botties of 100 and 1000 





LEDERLE LABORATORIES DIVISION 


Cyanamid oF GREAT BRITAIN LTD., London, WC.2 
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unco-ordinated 
effort... 

















becomes 
CONTROLLED 
MOTIVATION 


In anxiety states, the patient’s daily 
work is almost bound to suffer. Co-ordination between thought and deed 
becomes increasingly difficult and the most conscientious effort yields little 
in return. 








Anxine, by improving mood and increasing confidence and by inducing 
gentle sedation and allaying anxiety, enables the patient to take the work- 


|.) ener 


For the Symptomatic Treatment of Anziety States, 
Psychoneuroses and 
Psychosomatic Disorders. 


| Each tablet contains dexamphetamine sul- 
phate 2°5 mg., cyclobarbitone 35 mg. and 
mephenesin 120 mg. 

Bottles of 50 tablets. 






















C57/265/H. 
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TELEPHONE 


HANBURYS 


BISHOPSGATE 320! (!7 LINES) 


LTD 


TELEGRAMS 


LONDON 


GREENBURYS BETH LONDON 
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The surest way to maintain 


TRUE STABILITY 
















Suavitil is therapeutically distinctive— 

subtly and safely it produces a state of physical 
and mental relaxation without any hypnotic or 
depressive accompaniment. Undue emotional response 

to external stimuli is restrained; tension is eased; 

and the tendency to show unreasonable irritation subsides. 

Suavitil, in short, truly statilises the emotions, 

restoring the ability to face and deal with 

everyday problems with greater equenimity. 


Sua Vit se EMOTION STABILISER 


TRADE MARK 
I mg. sugar-coated tablets benactyzine hydrochloride 


Glaxo Laboratories Ltd., Greenford, Middlesex 
BYRon 3434 


Subsidiary companies and Agents in most countries 
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Safer Pethidine 


Pethidine PLUS ‘Lorfan’ 


A combination of pethidine with the narcotic untagonist levallorphan 
tartrate in proportions which minimize respiratory depression 
without affecting analgesia. 


The administration of these two drugs in a preformed mixture 
is an attractive idea which offers the freer use of this analgesic 


without incurring undue respiratory depression. 
Anaesthesia, 1957, 12, 174. 


‘Lorfan’ (levallorphari) does not diminish the analgesic effect 
of pethidine and clinical observations show that it may enhance 


the sedation produced by pethidine 
Lancet, 1957, i, 728. 


The use of ‘Lorfan’ to diminish the respiratory depression 
caused by the narcotic analgesics in childbirth is one of the 
most valuable potentialities of this antagonist. 

Lancet, /957, i, 213. 


Pethidine 100 mg. plus ‘Lorfan’ 1-25 mg. are now 
combined in 2 c.c. ampoules with the trade mark 


‘PETHILORFAN’ 


Available in boxes of 12 and 100. 


ROCHE PRODUCTS LIMITED - [5 MANCHESTER SQUARE - LONDON W.1. 
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for refreshing sleep 
and a fresh awakening 


The treatment of neurological disorders is 
frequently hindered by the patient’s inability 
to secure adequate relaxation and sleep. Because 
CARBRITAL* capsules contain a combination 
of pentobarbitone sodium, a rapid acting 
barbiturate, and carbromal, a mild sedative, 
their use will ensure the speedy onset of sleep ‘ 

and gently sustain it throughout the night, Tey: 
with little or no after-effects. * tis) 


“en? 


CARBRITAL. 


* Trade Mark 


+ 


In bottles of 25 and 250 capsules, each containing 
pentobarbitone sodium (1} grs.) and carbromal (4 grs.). 


Parke, Davis & Company Limited (inc U.S.A.) * Hounslow, Middlesex - Telephone: Hounslow 2361 
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Remarkably safe and 
free from toxie effects 


Nydrane 


n-BENZYL-8-CHLOROPROPIONAMIDE 


in the treatment of Grand-mal and Psychomotor Epilepsy 


NYDRANE is remarkable in that no toxic or unpleasant 
side-effects have been experienced with its use. 

e 
NYDRANE usually makes patients more mentally alert, 
brighter, and more co-operative, opposing even the soporific 
action of any other anticonvulsant used. 

* 

NYDRANE often successfully stabilises the more resistant 
cases, enabling them to lead a more normal, useful life. 
a 
NYDRANE tablets are colourless, odourless, and are 
readily accepted and well tolerated. 

® 


Nydrane Tablets each containing 500 mg. n-benzyl-8-chloro- 
propionamide, and NYDRANE Co. Tablets each containing 
500 mg. n-benzyl-8-chloropropionamide and 20 mg. pheno- 
barbitone, are available in bottles of 50 and 250, and tins of 
1,000 tablets. 


Prescribable on the N.H.S. 


Literature and samples gladly sent on request 


I 


RONA LABORATORIES LTD. 


12/13 Molyneux Street, London, W.1. AMBassador 4437-8 
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Ernest Jones, M.D. 


SIGMUND FREUD: 


LIFE AND WORK, 
Volume 3—The Last Phase, 1919—1939 


In completing this noble trilogy on the life and work of his 
teacher, colleague and friend, Dr. Jones has achieved a work of 
great distinction and lasting importance 


Illustrated 35s net 


ALSO AVAILABLE: 


Volume 1 The Young Freud 30s net 
Volume 2 Years of Maturity 30s net 


New Titles in 


The International Psycho-analytical Library 


No 50 Studies on Hysteria 
JOSEF BREUER AND SIGMUND FREUD 


25s net 


No 51 Problems of 


Human Pleasure and Behaviour 
MICHAEL BALINT 


25s net 


No 52 Selected Contributions to 
Psycho-Analysis 
JOHN RICKMAN, MLD. 
30s net 
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MIGRAINE 


and other headaches of vascular origin 


are aborted in 80 per cent of 
cases by ORAL TREATMENT with 


CAFERGOT 


sugar-coated tablets 


Ergotamine tartrate | mg. 
Caffeine 100 mg. 





Patients who experience nausea and vomiting 
early in the attack or who are unable to 
tolerate oral treatment usually benefit from 
treatment with 


CAFERGOT SUPPOSITORIES 


Ergotamine tartrate 2 mg. 
Caffeine 100 mg. 
Isobutyl allylbarbituric acid 100 mg. 
Total alkaloids of belladonna 0.25 mg. 


Literature and samples are available on request 


SANDOZ PRODUCTS LIMITED 


SANDOZ Sandoz House, 23 Great Castle Street, London, W.1 
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Preserving a fine craft 


‘Myso.inE’ not only reduces the freq- 
uency and severity of epileptic attacks, but 
also produces a marked sense of well- 
being. The patient is encouraged to take 
a renewed and more vigorous interest in 
life and to become a self-supporting mem- 
ber of the community. 

For these reasons it is often advan- 
tageous to use ‘ Mysoline’ in cases already 


controlled by other drugs, but in which a 
heightened interest and improvement in 
performance is desirable. 

Universally acknowledged as a major 
advance, ‘ Mysoline’ is indicated in all the 
manifestations of epilepsy. 


‘MYSOLINE’ 


PRIMIDONE B.P. Trade Mark 


An outstandingly safe and effective anticonvulsant 


Available as tablets of 0.25g. and as a palatable oral suspension 


IMPERIAL CHEMICAL 
PHARMACEUTICALS DIVISION 


INDUSTRIES 


LIMITED 


WILMSLOW CHESHIRE 
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One of the most effective anti-convulsants 

for the treatment of petit-mal epilepsy, 
MILONTIN* (Phensuximide) has 

been found to achieve complete 

control of symptoms in many cases and 
practical control in the majority. Improvement 
in both mental and physical activity has 

also been observed. Milontin, a product of the 
Parke-Davis Research Laboratories, is rapidly 


absorbed, well-tolerated and relatively non-toxic 


Milontin Capsules, 0.5 G. and 0.25 G. in bottles 
of 50 and tins of 500. 


O/T AKIY AAU PETIT-MAL Gpilepsy 


*Trade Mark 


PARKE, DAVIS & CO. LTD. (/nc. U.S.A.) HOUNSLOW, MIDDLESEX. Telephone Hounslow 2361 
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In coma, delirium or depression 


PARENTROVITE 


Injectable B complex with vitamin C 


A massive dose of injectable B complex with vitamin C .. . to 
restore normal cerebral functions in toxic states due to narcotic 
or barbiturate drugs, alcohol, or acute infections. 

In boxes of 3 pairs of ampoules. Hospital pack also ‘available. 

A preparation OROVITE, containing the same B complex vitamins in high concentration 
for oral administration, is also available. Jn tablets and elixir. 


Two groups of preparations containing the vitamin B complex in less massive concentration 


are: BECOVITE & BEFORTISS. Jn tadieis, ampoules and elixirs. 





VITAMINS LIMITED (DEPT. C.X.3), UPPER MALL, LONDON, W.6. 
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CASSELL MEDICAL BOOKS 





THE CLINICAL EXAMINATION OF PATIENTS WITH | 
ORGANIC CEREBRAL DISEASE | 
By ROBERT KLEIN, m.p., and WILLIAM MAYER-GROSS, M.D., F.R.C.P. 








This is the first comprehensive scheme for examination to appear in English. Simple tests are 


given, and the various types of deviation from normal behaviour are described and their 
clinical significance assessed. 15/- net 












CLINICAL PSYCHIATRY 


By W. MAYER-GROSS, M.D., F.R.c.P., ELIOT SLATER, M.A., M.D., F.R.C.P., D.P.M., 
and MARTIN ROTH, M.D., M.R.C.P., D.P.M. 50/- net 


CLINICAL NEUROLOGY 


By FRANK A. ELLIOTT, M.B., CH.B., F.R.c.P., BRODIE HUGHES, CH.M., F.R.C.S., 
and J. W. ALDREN TURNER, M.A., D.M., F.R.C.P. 42/- net 
































33 Red Lion Square, London. W.C.1 
































E.C.T. APPARATUS and 
CEREBRAL STIMULATOR 


(A.C. or D.C. Mains) 


‘ECTONUSTIM’ 





For a new improved E.C.T. technique which eliminates 
the need for muscle relaxants and anaesthetics 


also: 


‘ECTONUS’ 
— E.C.T. apparatus 


‘ECTRON’ — E.C.T. apparatus 
‘ECTRON’ Rubber Mouth Gag 


‘ECTRONOLYTE’ 
Electrolyte Powder 





Write for full details to: 


ECTRON LTD. REELEK WORKS, BALDOCK, HERTS, ENGLAND 


Telegrams: ‘ Reelek ” Baldock 

















Telephone : Baldock 3276 
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For a simultaneous treatment of the 
physical and psychic symptoms 


D ¢ ee i ya A L Independent research revealed that out of 314 
regd. 


Parkinson patients treated with Disipal 56% responded 
& -dimethylaminoethy|-2-methylbenzhydrylether HCI with a striking and definite improvement ; by 

comparison, previous treatment with a number of 

other drugs showed a similar improvement in only 2% 

of these patients. (Adviescommissie T.N.O., 

Ned. Tijdschr. Geneesk., 100, 3649, 1956). 


Packs of 100 and 250 tablets 
Prescribable on E.C. 10 


U.K. Patents 722009, 585994, 607258 and 743495. 


op 


Manufactured and distributed in England by 
CAMDEN CHEMICAL CO. Ltd., London W.C. | 


for 


N.V. Koninklijke Pharmaceutische Fabrieken v/h 
BROCADES - STHEEMAN & PHARMACIA 
Amsterdam Holland 
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(BRITISH POSTGRADUATE MEDICAL FEDERATION — UNIVERSITY OF LONDON) 


INSTITUTE OF NEUROLOGY 


(QUEEN SQUARE, LONDON, W.C.1) 


ASSOCIATED WITH THE NATIONAL HOSPITAL, QUEEN SQUARE, AND THE 
HOSPITAL FOR NERVOUS DISEASES, MAIDA VALE, 





The Institute provides postgraduate training in the various departments 
of Neurology. 


The Out-Patient Practice is open at 10 o’clock at QUEEN SQUARE 
every day (except Saturday). A fee of 3 gns. per month is charged for 
attending the Out-Patient Department only. 


The In-Patient Practice at Queen Square and Maida Vale is open at 
10 a.m., and a limited number of clinical clerks are appointed at both 
Hospitals. Fees: three months, £18; six months, £32. 


Special courses of instruction are given during the Summer, Autumn 
and Winter terms, and Clinical Demonstrations are given on Wednesday 
afternoons and Saturday mornings as advertised in the Medical Journals. 


Application should be made to the Dean at the Institutee MICHAEL KREMER 


‘PSYCON 


OUTSTANDING NEW  E.C.T. 
APPARATUS 








Self-contained battery operation. 
No mains connection—No trailing cables 
or freak plugs. 
High output available. 

Square wave pulses. 
Improved headgear with built-in treatment 
button-switch. 

Extremely light and compact, 
Size 82” x 84" x 7?’ 

Weight complete 114 Ibs. 

Battery life 3-9 months. 


Battery cost negligible. 
Full details from the manufacturers: 


THERATRONICS LTD. 
The Laboratory, 6, Argyle Walk, Tonbridge Street, London, W.C.1 
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